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INTRODUCTION 
One of the most important, but least understood, 
aspects of the ecology of arthropod-borne viruses (arbo¬ 
viruses) in New England is virus survival during inter¬ 
epidemic periods. Both eastern equine encephalomyelitis 
(EEE) and western equine encephalomyelitis (WEE) viruses 
are known from avian or culicine hosts from late July 
through mid-October in southeastern Massachusetts. While 
the presence of these viruses is an annual occurrence in 
this area (Wheeler, Anderson, Daniels, Maxfield, and Main, 
in preparation), the mechanisms by which they overwinter 
or are reintroduced into the state are unknown. 
The possibility that poikilothermic vertebrates are 
involved has been suggested (Hayes, 1961). Prolonged 
viremias with high titers were induced in one amphibian 
and several species of reptiles experimentally infected 
with EEE virus (Hayes, Daniels, Maxfield, and Wheeler, 
1964). Turtles, inoculated during the fall, circulated 
virus in the spring after six months of hibernation 
(Randall, Tonn, Daniels, and Main, in preparation). 
However, serologic surveys in Massachusetts did not 
indicate that cold-blooded vertebrates were important 
enzootic reservoir hosts (Hayesp et al., 1964). 
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The role of homeothermic vertebrates in New England 
has also been studied (Hayes, et al., 1964). Virus was 
circulated by five species of birds and one species of 
mammals inoculated with EEE virus. Viremias were ephemeral, 
lasting only one to four days. Serologic surveys again 
gave little evidence that warm-blooded mammals served as 
enzootic reservoirs. 
The involvement of heterothermic mammals has not been 
studied, although surveys of nonhibernating bats were 
undertaken (Daniels, Stuart, Wheeler, Gifford, Ahearn, 
Philbrook, Hayes, and MacCre'ady, i960; Hayes, et al. , 1964) . 
Neutralizing antibody was demonstrated in 1,5% of the 
bats tested. 
This thesis presents data on (1) the results of a 
survey for arboviruses and EEE, WEE, and California 
encephalitis (CE) antiobdy in colonial bats; (2) the 
susceptibility of hibernating and nonhibernating bats 
to artificial infections of EEE virus; (3) the organs 
affected in bats inoculated with EEE virus; (4) the form¬ 
ation of neutralizing antibody in hibernating bats; and 
(5) the possible routes*of transmission among colonial 
bats. 
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REVIEW OF THE LITERATURE 
Rabies 
Trie first suggestion of the involvement of bats in 
the natural cycles of viral diseases was presented by 
Carini (1911) and later this was confirmed by Haupt and 
Rehaag (1921). In 1916, Haupt and Rehaag succeeded in 
isolating rabies virus from the brain of a bat collected 
during an outbreak of paralytic rabies among cattle, horses, 
and mules in southern Brazil. They concluded from 
experimental evidence that vampire bats were the vectors 
in this epizootic. 
For the next 30 years, studies on bat-rabies were 
largely confined to sanguivorous species of the family 
Desmodontidae: Desmodus rotundus (E. Geoffrey St. Hilaire), 
Diaemus youngi (Jentink), and Diphylla ecaudata Spix. 
Naturally-infected vampire bats have been reported from 
Brazil (Lima, 193^; Torres and Lima, 1935» 1936; Carneiro, 
1936), Paraguay (de Verteuil and Urich, 1936), Trinidad 
(Metivier, 1935; Pawan, 1936a, 1936b; de Verteuil and Urich, 
1936), and Mexico (Giron, 19^4; Malaga-Alba, 1953. 195^» 
Burns, Farinacci, and Murnane, 1956a; Johnson, 1958; Villa-R. 
and Alvarez-Lomeli, 1963)• 
A series of experiments in Brazil (Lima, 193^; Torres 
and Lima, 1935» 1936) and Trinidad (Pawan, 1936b) demon- 
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strated that D. rotundas could be infected with rabies 
virus of human or bovine origin and that they were capable 
of transmitting the virus by bite for several months. 
Symptoms in the bats were fulminous, paralytic, or lacking 
completely; although infection was frequently fatal, 
spontaneous reversal of symptoms occurred in some cases. 
Nonsanguivorous bats also were demonstrated to be 
carriers of rabies virus although the importance of these 
findings was not immediately recognized. This virus was 
isolated in frugivorous bats from South America and Asia: 
Phyllostoma sp. in Brazil (Haupt and Rehaeg, 1921), Artibeus 
.jamaicensls Leach in Trinidad (Pawan, 1936a, 1943; de Vert- 
euil and Urich, 1933)» Artibeus lituratus (Olfers) in 
Mexico (Alvarez-Lomeli, Villa-R., and Wimsatt, 1934), and 
Cynopterus brachyotis Andersen in Thailand (Smith, Lawhas- 
wasdi, Vick, and Stanton, 1967). Neutralizing a3itibody 
against rabies virus was found in the piscivorous bat, 
Noctilio leporlnus (Linnaeus), in Mexico (Alvarez-Lomeli, 
et al., 1964). In insectivorous bats, rabies virus has 
been reported from South America, North America, and Europe. 
' j 
The first isolation was made from a white bat, Diclidurus 
alba Wied-Neuwied, in Trinidad (Pax-jan, 1933a). Subsequent 
isolations were made from insectivorous bats in Germany, 
Yugoslavia, Hungary, Turkey, and Russia (Pitzschke, 1935; 
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Nikolic and Jelesic, 1956; Jelesic, 1959; Nikolitsch, 1959) 
and Mexico, the United States, and Canada (Alvarez-Lomeli, 
et al., 1964; Courter, 1954; Tierkel and Arnstein, 1958; 
Enright, 1956., 1962; Avery, 1958; Avery and Tailyour, I960; 
Constantine, I96I; Beauregard and Stewart, 1964) <, 
The initial isolations in the United States were made 
in 1953 from brain tissue of a yellow bat, Dasypterus 
floridanus Miller, that had bitten a child in Florida 
(Venters, Hoffert, Scatterday, and Hardy, 1954; Scatterday, 
1954; Scatterday and Gal ton., 1954) and from a hoary bat, 
Lasiurus cinereus Palisot de Beauvois, that had bitten a 
woman in Pennsylvania (Witte, 1954; Kough, 1954). Since 
that time, bat-rabies has been found throughout the United 
States in at least 23 species of insectivorous bats: 
Macrotus californicus Baird (Humphrey, Kemp, and Wood, 
i960; Constantine, 1967a) 
Myotis austroriparius (Rhoads) (Schneider, Scatterday, 
Lewis, Jennings, Venters, and Hardy, 1957; Richard¬ 
son,. Ramsey, and Starr, 1966) 
Myotis californicus (Audubon and Bachman) (Humphrey, 
et al., i960; Bell,' 1959; Bell, Moore, Raymond, 
1969) 
Myotis evotis (H. Allen) (Humphrey, et al., i960; 
Bell, et al., 1962, 19^9; Constantine, 1967a) 
Myotis grisescens (Howell) (Schneider, et al., 1957) 
Myotis lucifugus (Le Conte) (Bell and Moore, I960; 
Bell, et al., 1962; Girard, Hitchcock, Edsall, and 
MacCready, 1965; Hitchcock, 1965; Constantine, 
1967a; Sussman, 1967) 
Myotis subulatus (Say) (Constantine, 1967a) 
Myotis velifer (J.A. Allen) (Burns, Farinacci, and 
and Murnane, 1956a, 1956b; Dean, Maddy, Cockr.um, 
and Crecelius, i960) 
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Myotis volans (H. Allen) (Bell, et al., 1962, 1969 ; 
Constantine, 1967a) 
Myotis yumanensis (H. Allen) (Bell, et al., 1962; 
Constantine, 1967a) 
Unidentified Myotis species (Humphrey, et al., i960; 
Constantine, 1967a) 
Lasionycterls noctivagans (Le Conte) (Lennette, Soave, 
Nakamura, and Kellogg, i960; Humphrey, et al., i960; 
Bell, et al. , 1962, 1969; Hitchcock, 1965; Constan¬ 
tine, 1967a) 
Pipistrellus hesperus (H. Allen) (Humphrey, et al., 
i960; Constantine, 1967a) 
Pipistrellus subflavus (F. Cuvier) (Schneider, et al., 
195?) 
Eptesicus fuscus (Palisot de Beauvois) (Tjalma and 
Wentworth, 19*57; Dean, et al. , i960; Bell and 
Moore, i960; Bell, et al., 1962, 1969; Bell, 
Lodmell, Moore, and Raymond, 1966; Girard, et al., 
1965; Hitchcock, 1965; Constantine, 1967a; 
Sussman, 1967) 
Laslurus borealis (Muller) (Burns, et al., 1956a, 
1956b; Schneider, et al., 1957; Irons, Eads, Grimes, 
and Conklin, 1957; Wiseman, Davis, and Grimes, 
1962; Richardson, et al., 1966; Constantine and 
Woodall, 1966; Constantine, 1967a; Sussman, 1967) 
Lasiurus cinereus (Palisot de Beauvois) (Witte, 195^5 
Kough, 1951; Humphrey, et al. , i960; Bell, et al., 
1962, 1969; Richardson, et al., 1966; Constantine, 
1967a; Sussman, 1967) 
Lasiurus seminolus (Rhoads) (Venters, et al., 195^; 
Scatterday, 195^; Scatterday and Gal ton, 195-1; 
Schneider, et al., 1957; Richardson, et al., 1966) 
Dasypterus floridanus Miller (Venters, et al,, 1954; 
Scatterday, 1954; Scatterday and Galton, 1954; 
Schneider, et al., 1957) 
Numeral is (Rafinesque) (Richardson, et al., 
I966) 
Corynorhlnus townsendii (Cooper) (Constantine, 1967a) 
Antrozous pallidus (Le Conte) (Burns, et al., 1956a, 
195666 Humphrey, et al., i960; Constantine, 1967a) 
Tadarida brasiliensis (I Geoffroy St. Hilaire) (Grimes, 
Sullivan, and Irons, 1954; Sullivan, Grimes, Eads, 
Menzies, and Irons, 1954; Brueckner, Reagan, Delaha, 
and Cook, 1954; Burns and Farinaoci, 1954, 1955. 
1956; Eads, Wiseman, Grimes, and Menzies, 1955; Eads, 
Wiseman, and Menzies, 1957; Enright, Sadler, Moulton, 
and Constantine, 1955; Burns, et al., 1956a, 1956b; 
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Burns, Farinacci, and Shelton, 1957; Schneider, 1957; 
Quist, Esds, and Conklin, 1957; Irons, et al., 1957; 
Maddy, Cockrum,, and Crecelius, 1958; Glass, 1959; 
Bulkin, Allen, Sims, I960; Humphrey, et al., i960; 
Dean, et alos I960; Richardson, et al*., 1966; 
Constantine, 1966b, 1966c, 1967a, 1967b, 1968) 
Tadarida molossa (Pallas) (Constantine, 1967a) 
Unidentified bats (Scatterday, et al*, i960; Constantine 
1967a) 
Surveys throughout the United States indicate that 
rabies virus infection rates in colonial bats, "with the 
exception of E. fuscus, are usually less than one percent, 
while in solitary species the incidence may be as great as 
three percent (Constantine, 1967a). The rate may reach 
2.5 percent in Ec fuscus. 
Bat-rabies has been recognized in New England in at 
least five species; M. lucifugus, E. fuscus, L. borealis, 
Lo cinereus, and L. noctivagans (Girard, et al*, 1965; 
Hitchcock, 1965; Girard, 1968). Surveys in Massachusetts 
(Daniels, et al*, i960;■Girard, et al., 1965) and Maine 
(O’Meara, 1964) indicate infection rates of about 0«4 per¬ 
cent in M. lucifugus and about 1.8 percent in E. fuscus. 
Various species of insectivorous bats are susceptible 
to experimental infection with several strains of rabies 
virus. M. lucifugus and E. fuscus were successfully 
infected with strains from naturally infected dogs and one 
from a fox (Reagan and Brueckner, 1951; Reagan, Delaha, 
and Brueckner, 195^5 Brueckner, et alc, 1954); bats were 
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inoculated by subcutaneous, intranasal, and intracerebral 
routes. These two species and P. subflavus were susceptible 
by intracerebral and intramuscular inoculation to strains 
of rabies virus from a wolf and bats (Stamm, Kissling, and 
Eidson, 1956). Sulkin and co-workers (Sulkin, 1962a; 
Sulkin, Krutzsch, Wallis, and Allen, 1957) reported infection 
rates ranging from 22 percent in T, b. mexicana to 43 percent 
in M. lucifugus following intramuscular inoculation. Bats 
(3!* Pl^xicana) were also infected by the same route with 
virus isolated from naturally infected bats of the same 
species (Constantine, 1966b, 1966c). Baer and Bales (1967) 
infected T. b. mexicana by intracerebral, intramuscular, 
subcutaneous, and intranasal routes. Red bats (L. borealis) 
were susceptible to intramuscular inoculation with a strain 
from naturally infected bats of the same species (Constan¬ 
tine and Woodall, 1966) . 
Bats frequently survived experimental infections; some 
never developed signs of illness and others recovered 
after exhibiting obvious symptoms (Constantine, 1967a). 
Baer and Bales (1967) reported the greatest mortality 
rates following intracerebral inoculation and the greatest 
survival rate after intranasal infection; they also 
demonstrated neutralizing antibody in four of 38 
surviving bats. Infections failed to become estab¬ 
lished in bats held at temperatures simulating those 
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encountered during hibernation (Sadler and Enright, 1959)» 
while infections established prior to hibernation developed 
very slowly during hibernation. Gestation did not appear 
to alter significantly the susceptibility of T. b. mexicana, 
although some differences were noted (Sims, Allen, and 
Sulkin, 1963). 
The interrelationships of bat-rabies and rabies in 
other animals, including man, are poorly understood. The 
frequent recovery of virus from the saliva and salivary 
glands of both naturally and experimentally infected bats 
(Constantine, 1961) suggests the possibility of transmission 
by bite. Laboratory rodents have been infected with rabies 
virus through the bite of rabid bats (Reagan, Yancey, and 
Brueckner, 1957; Bell, 1959; Bell, et al., 1962; Constan¬ 
tine and Woodall, 1966) but not consistently (Burns, Shelton, 
and Grogan, 1958). Carnivores were also infected by bite 
but with difficulty (Constantine, 1966c; Constantine, 
Tierkel, Kleckner, and Hawkins, 1968) and several fatal 
cases of human rabies have been attributed to bat bite 
(Sulkin and Greve, 195^; Lennette, et al., I96O; Humphrey, 
et al., I96O; Kent and Finegold, i960). 
Rabies transmissions via non-bite routes in bat-infested 
caves has also been demonstrated (Constantine, 1962, 1966a, 
1967b). Mammals, including foxes, coyotes, opossums, a 
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ringtail, and a hamster, died of rabies after being main¬ 
tained in bat-proof cages for various exposure periods. 
Transmission did not occur in the absence of bats or in 
well-ventilated caves. The exact vehicle of transmission 
is unknown although an aerosol was suspected; virus-laden 
droplets of saliva and urine from rabid bats have been 
suggested as a possible source of infection. Two human 
deaths were attributed to rabies contracted within these 
same bat caves apparently by non-bite routes (Irons, et 
al., 1957; Humphrey, et al., I960; Constantine, 1967b). 
Arthropod tranmission has also been suggested. Rabies 
virus has been recovered from ticks (Ornithodoros turicata 
(Duges)) seven days after feeding on experimentally infected 
M. lupifugus (Reagan, Tromba, Geumlek, and Brueckner, 1956). 
However, attempts to transmit rabies virus by bat mites 
(Gamassus) failed (Nikolitsch, 1964) and the presence of 
virus could not be demonstrated in mites (Steatonyssus) 
from naturally infected bats (Bell, et al., 1969). Rabies 
virus was not found in the following arthropods collected 
in bat-infested caves where non-bite rabies transmission 
had been demonstrated; 380 ticks (Antricola coprophilus 
McIntosh); 18,000 mites (Nycteriglyphus and Chiroptonyssus); 
400 adult and 450 larval dermestid beetles (Dermestes 
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oarnlvorus Fairicius); 1,000 fleas (Sternopsylla texana 
(Fox)): 1,250 bat-flies (Trichobius magor Coquillett and 
T. sphaeronotus Jobling); and 500 milichiid flies 
(Leptometopa sp.) (Constantine, 1967b). 
Transplacental transmission may be another source of 
infection. Rabies virus was demonstrated in one fetus 
and three newborn bats from experimentally infected T. b. 
mexicana (Sims, et al., 1963)* Virus was isolated also 
from the mammary glands of rabid gravid bats, suggesting 
transmission to suckling bats via the milk;' naturally 
infected suckling bats have been reported (Schneider, et 
al., 1957; Constantine, 1967b). 
Arboviruses 
Bats have been shown, by the demonstration of natural 
infections or‘by experimental evidence, to be involved in 
the maintenance cycles of several arboviruses. The role 
of bats in these cycles varies greatly. Based upon current 
knowledge, these bat viruses fall into one of two categories: 
(1) those arboviruses utilizing only bats as reservoir hosts 
and (2) those arboviruses utilizing bats as one of several 
reservoir hosts. 
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The first group contains eleven known viruses - ten of 
which do not qualify as arboviruses under the definition by 
the World Health Organization*, but are provisionally class¬ 
ified as such because of their antigenic relationships to 
known arboviruses. 
Six of these ten viruses show immunological relation¬ 
ships with the arbovirus serogroup B. Rio Bravo virus (also 
referred to as U.S.-, California -, and Burns bat-salivary 
gland virus) was the first of the group B bat-viruses to be 
reported and it is a member of the Japanese B -West Nile-St. 
Louis-Murrary Valley subgroup (Sulkin, Wallis, and Allen, 
1956)* Isolations have been reported from salivary glands of 
Mexican free-tailed bats, T. b. mexlcana, in California 
(Johnson, 1957$ 19^0), Texas (Burns and Farinacci, 1956; 
Burns, et al., 1956a, 1957; Sulkin, et al., 1956, 1959; 
Constantine and Woodall, 1964; Baer and Woodall, 1966) and 
Mexico (Johnson, i960), The virus has also been found in the 
brown fat (Baer and Woodall, 1966) and blood (Sulkin, Sims, 
and Alien, 1966) of naturally infected bats, but not in the 
brain or spleen (Johnson, 1957; Burns, et al., 1957)- Baer 
and Woodall also recovered virus from the saliva of a live 
bat over an observation period of 309 days. Rio Bravo has 
been found in encephalitic (Burns, et al., 1957; Baer and 
* "...viruses which are maintained in nature principally, or 
to an important extent, through biological transmission 
between susceptible vertebrate hosts by haematophagous 
arthropods; they multiply and produce viremia in the verte¬ 
brates, multiply in the tissues of arthropods, and are passed 
on to new vertebrates by the bites of arthropods after a 
period of extrinsic incubation." (W.H.O., 1967) 
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Woodall, 1966) and apparently healthy bats (Johnson, 1957» 
i960; Constantine and Woodall, 1964). Rabbits, hamsters, 
guinea pigs, and goats are not susceptible to experimental 
infection (Burns and Farinacci, 1956), while inoculation 
produced asymptomatic infections in other small mammals and 
birds (Johnson, 1960). Virus was recovered from the blood, 
salivary glands, kidneys, and mammary glands of experimentally 
infected animals. Inoculation resulted in viremias and anti¬ 
body response with little evidence of disease and no sequelae 
in rhesus monkeys. Infection is pathogenic for man, producing 
systemic and central nervous system involvement as evidenced 
by laboratory infections (Sulkin, Burns, Shelton, and Wallis, 
1962). 
The virus did not multiply in Anopheles quadrimaoulatus 
Say, Aedes aegypti (Linnaeus), Culex pipiens quinquefasciatus 
Say, and Culex tarsalis Coquillett, following thoracic inocu¬ 
lation (Rivers and Horsfall, 1959; Johnson, 195?) and trans¬ 
mission attempts with mosquitoes failed (Theiler and Casals, 
1959)* This virus also failed to infect a wide range of 
arthropods including roaches (Blattella germanica (Linnaeus)), 
bedbugs (Cimex lectularius Linnaeus), dermestid beetles (Atta- 
genus piceus (Olivier)), moths (Plodia interpunctella (Hubner)), 
mosquitoes (Culex pipiens Linnaeus, Ae. aegypti, and An. 
qua.drimaculatus) and ticks (Ornithodoros savignyi (Audouin) 
and Dermacentor andersoni Stiles) following parenteral 
inoculation (Hurlbut and Thomas, 1969)* 
14 
Montana Myotis 3_eucoencephalitis (MML) virus was isolated 
from the saliva of M. lucifugus collected in Montana (Bell 
and Thomas, 1964). The virus was recovered from suckling 
mice bitten by naturally infected bats. These workers 
also demonstrated that intacerebral inoculation resulted 
in death for four of five M. lucifugus and two of three 
E. fuscus; one bat of each species exhibited no symptoms. 
MML is a group B arbovirus, not closely related to any of 
the other bat-viruses (Karabatsos, 1969) . There has been 
no evidence of arthropod transmission. 
Entebbe bat salivary gland (EBSG) virus was originally 
recovered from a pool of submaxillary salivary glands and 
a pool of greater sublingual salivary glands from 40 
Tadarida pumila (Cretzschmar) collected in Entebbe, Uganda 
(Lumsden, Williams, and Mason, 1957* 1961; Williams, Simp¬ 
son, and Lule, 1964). Haemagglutin-inhibition (HI) anti¬ 
body against this virus has been reported in at least seven 
species of bats in Uganda: Tc pumila, TadarIda condylura 
(Smith), Eidolon helvum Kerr, Minlopterus schreibersii (Kuhl), 
Epomophorus anurus Heuglin, Hysignathus monstrosus H. Allen, 
and Rhinolophus spp. (Williams, Simpson, Shepherd, O’Sullivan, 
Cunningham, and Lule, 1965; Shepherd and Williams, 1964). 
Experimental evidence indicated that rhesus monkeys are not 
susceptible to infection (Craig, 1968b). Naturally infected 
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arthropods have not been reported, although a pool of 97 
A. aegypti contained virus 21 days after an infectious 
blood meal (Metselaar, Williams, Simpson, West, and Mutere, 
1969). Karabatsos (1969) demonstrated that this group B 
virus is not as closely related to MML virus as suspected 
earlier (Williams, Simpson, and Shepherd, 1964b). 
Dakar bat virus was originally isolated from a pool of 
submaxillary, sublingual, and parotid glands from 26 bats 
of the genus Scotophilus collected in Senegal (Bres and 
Chambon, 1963; Bres, Williams, Simpson, and Santos, 1964). 
An additional 42 isolates were reported from the salivary 
glands of T. condylura, Taphozous Sudani Thomas, Scotophilus 
nigrita (Schreber), and other unidentified species (Bres 
and Chambon, 1964). HI antibody was demonstrated in 5^ 
per cent of 164 bat bloods and 3 per cent of 300 human 
serum samples tested. Dakar virus has also been recovered 
from the salivary glands and/or saliva of T. condylura 
collected in Uganda (Williams, et al., 1964b, 1965b; 
Metselaar, Simpson. Williams, Mutere, Lule, Mawejje, and 
Kitama, 1966; Craig and Ssenkubuge, 1969) and Nigeria 
(Karabatsos, 1969)* Virus was not found in the blood, 
brain, heart, liver, spleen, kidney, lung, and brown fat 
of naturally infected bats (Metselaar, et al., 1966; 
Karabatsos, 1969). Rhesus monkeys circulated virus on the 
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fourth and sixth days after subcutaneous inoculation; 
HI antibody was demonstrated 28 days after inoculation 
(Craig, 1968b). 
Bukalasa bat virus has been recovered from the salivary 
glands and/or saliva of T, pumila collected in Uganda 
(Williams, et 8.1., 1964b, 1965; Metselaar, et al., 1966; 
Craig, 1968a) and Tanzania (Fukumi, Hayaski, Mifune, Ujuye, 
Suenaga, Futatsuki, Matsuo, and Miyagi, 196?; Craig, 1968a), 
This virus is closely related to Dakar bat virus (Karabat- 
sos, 1969). Naturally infected arthropods have not been 
reported and attempts to experimentally infect A. aegypti 
•were unsuccessful (Metselaar, et al., 1969). Viremia could 
not be demonstrated in an inoculated rhesus monkey (Craig, 
1968b). 
Another a.ntigenically distinct group B bat-virus of 
the Dakar-Bukalasa subgroup was isolated from the salivary 
glands of Otomops martlensseni (Matschie) collected in 
Kenya (Mutere, 1968; Henderson, Tukei, Lule, arid Mutere, 
1968; Craig, 1968a). This virus was referred to as Mt. 
Suswa bat virus, but, because of the antigenic similarities 
■with other members of the subgroup, the use of this name 
•was discouraged. 
Bangui M-7 virus was recovered from a pool of salivary 
glands from nine bats (Tadarida sp., Pipistrellus sp., and 
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Scotophilus sp.) collected in the Central African Republic 
(Chippaux and Chippaux-Hyppolite, 19^6). Bangui is a group 
B bat-virus. 
Tacaribe virus was originally isolated from Artibeus 
bats collected in Trinidad (Downs, Anderson, Spence, Aitken, 
and Greenhall, 1963). Virus was recovered from the brain and 
salivary glands of five Artibeus lituratus (Olfers) and the 
brain, salivary glands, and/or visceral organs of six 
Artileus .jamaicensis Leach, An additional strain was 're¬ 
covered from a pool of 3^ mosquitoes of 18 species: 
Anopheles spp, (6), Culex spp, (50)> Haemagogus sp. (2), 
Limatus spp. (26), Mansonia spp. (213). Phoniomyia sp. 
(11), Sabethes sp. (1), and Wyepayla spp. (35)* Tacaribe 
is the only bat-virus that has, thus far, been isolated 
from naturally infected arthropods. However, because of 
the unusual circumstances surrounding this isolate, its 
validity should be confirmed by additional recovered from 
mosquitoes. Virus was not found in the blood of three 
species of bats (A. lituratus, A. .jamaicensis, and D. 
rotundus) inoculated with Tacaribe virus, although virus 
was demonstrated in the internal organs of several bats. 
Only one inoculated bat developed demonstrable antibody; 
virus was present in the salivary glands, spleen, and liver 
of this animal concurrent with circulating antibody 13 
days after inoculation. There was no indication of illness 
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in any of the experimental bats, although at least three 
of the eleven naturally infected animals were sick at the 
time of capture. Tacaribe is not related to any of the 
serogroup B or ungrouped bat-viruses. Complement-fixation 
(CF) studies indicate that it is related to Junin virus, 
the etiological, agent of Argentinian hemorrhagic fever 
(Mettler, Casals, and Shope, 1963). 
Lagos bat virus was first reported in a pool of brain 
tissue from six fruit bats, E, helvum, collected in Nigeria 
(Boulger and Porterfield, 1958). The virus was not found 
in a pool of salivary glands from the same six bats, nor 
in the brains or salivary glands of 36 additional fruit 
bats collected with the infected bat (or bats). Attempts 
to infect A. aegypti mosquitoes by membrane feeding 
(Boulger and Porterfield, 1958) or thoracic inoculation 
(Ardoin and Simpson, 1967) failed. Viremias could not be 
demonstrated in white-collared mangabeys (Boulger and 
Porterfield, 1958) or rhesus monkeys (Craig, 1968b) 
inoculated with Lagos bat virus. No signs of illness were 
seen in experimentally infected guinea pigs, rabbits, and 
mangabeys (Boulger and Porterfield, 1958). This virus 
is not related to any of the known bat-viruses (Karabatsos, 
1969) and is provisionally listed as an ungrouped arbo¬ 
virus . 
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Kern Canyon virus was first isolated from a spleen- 
heart pool from M, yumanensis netted in California (Taylor, 
1967). Bats were apparently healthy at the time of collection. 
The virus has not been demonstrated in naturally infected 
arthropods,and laboratory studies indicate that the virus 
will not multiply in C. tarsalis (Metselaar, et al., 1969). 
Kern Canyon virus is not antigen!cally related to any of 
the other bat-viruses (Karabatsos, 1969) and is provision¬ 
ally listed as an ungrouped arbovirus. However, some 
workers place it in the Stomatoviridae (Murphy and Fields, 
1967a, 1967b) or Rhabdovirus (Melnick and McCombs, 1966). 
Mount Elgon bat virus was recovered from the salivary 
glands of Rhinolophus hildebradtil eloquens (Anderson) 
collected in Kenya (Metselaar, West, and Williams, 1966; 
Metselaar, et al., 1969) . Inoculation studies and feeding 
experiments indicate that this virus will multiply in A. 
aegyptl, although only a relatively small proportion of 
the mosquitoes became infected. All attempts ’to demonstrate 
mosquito transmission failed. Antigenic relationship to 
other arboviruses could not be demonstrated. 
Bats have been implicated also by natural infections 
and experimental evidence as possible reservoir hosts of 
several mosquito- and tick-borne arboviruses. The majority 
of these viruses, like the bat-viruses, belong to the sero- 
group B; others are in group A or the Bunyamwera supergroup. 
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St* Louis encephalitis (SLE) virus was recovered from 
the blood, brown fat, and kidneys of a Mexican freetail 
bat, T* b0 mexicana, collected during the 1964 encephalitis 
epidemic in Texas (Sulkin, et alcs 1966)e Twelve of 246 
serum samples from big brown bats* E. fuscus, collected in 
Minnesota during the winters of i960 and 1961 showed some 
degree of neutralization of SLE virus (Rueger, Olson, and 
Price, 1966), Three of these samples had indices that 
could be considered positive; however, since none of the 
samples were retested, the specificity of the neutraliza¬ 
tion needs confirmation. 
A series of laboratory experiments by Sulkin and his 
associates (Sulkin, 1962b; Sulkin, Allen, Sims, Krutzsch, 
and Kim, i960; Sulkin, Allen, and Sims, 1963.- 1966; Sulkin, 
Sims, and Allen, 1964; Sulkin, Allen, Sims, and Taylor, 
1965; Middlebrookss Allen, and Sulkin, 1968) demonstrated 
the susceptibility of T. b. mexicana and M. luoifugus to 
three strains of SLE virus under various physiological and 
environmental conditions. T. b. mexicana were relatively 
insusceptible to infection with the Hubbard strain, a 
high (100 ) mouse brain passage virus of human origin, and 
the Mosquito 57 strain, third mouse brain passage material 
originally isolated from C. tarsalis; M. luoifugus were 
totally insusceptible to both strains. T._be mexicana were 
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highly susceptible to infection with Flicker Bird 55 strain, 
sixth passage mouse brain material originally isolated 
from a bird; M. lucifugus were relatively insusceptible 
to this strain. The stress of pregnancy did not alter the 
susceptibility of T. b. mexicana to either the Mosquito- 
57 or the Flicker Bird strains. Transplacental transmission 
occurred in two instances, but only trace amounts of virus 
were isolated in each fetus. The effects of body tempera¬ 
ture and metabolic rate upon infection in T. b. mexicana 
inoculated with the Hubbard strain were also studied. 
Virus was demonstrated, at low titers, in the blood and 
brown fat of bats held at hibernating temperatures. Trans¬ 
fer of bats to higher temperatures resulted in virus repli¬ 
cation which produced higher titers in the blood and tissues. 
Japanese B encephalitis (JBE) virus was isolated from 
24 bats (M. schrlbersl and Rhinolophus cornutus Temminck) 
collected i'n Japan (Sulkin, Allen, Miura, and Toyokawa, 1970) . 
Virus was isolated from bats collected on the southern islands 
(Honshu and Kyushu) during each of the four seasons. Neutral¬ 
izing antibody against JBE virus was demonstrated in nine 
species of bats in Japan: 64 of 766 bats from Honshu; 39 of 
495 bats from Kyushu; and‘5 of 198 bats from Hokkaido (Miura, 
Toyokawa, Allen, and Sulkin, 1970). Equivocal neutralization 
indices were observed in sera from one of 145 bats (Miniopterus 
spp. and Rhinolophus spp.) collected in Japan (Sulkin, et al., 
I963) &wd three of 15 pools of sera from 229 bats (Hippqs_id- 
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eros spp. and Miniopterus spp.) collected in Taiwan (Wang, 
Grayston, and Chu, 1962). Low levels of HI antibody were 
demonstrated in only two bats tested in these three serologic 
surveys (Wang, et al., 1962; Sulkin, et al., 1963 ; Miura, 
et al. , 1970)'. None of 25 sera samples from six species of 
bats collected in India neutralized JBE virus; however, 
group B HI antibody was detected in one of seven Scotophilus_ 
heathi Thomas and three of four Pteropus giganteus (Brunniok) 
(Carey, Reuben, Myers, and George, 1968). The three samples 
from P. giganteus had low titers (1:10 or 1:20): one reacted 
with dengue 1, one with JBE, and one with all five antigens 
(Dengue types I, II, and IV; JBE; and West Nile) employed. 
Sera from three of 28 flying foxes (Pteropus scapulatus 
Peters and Pteropus gouldi Peters) collected in Australia 
neutralized JBE virus; however, the same samples also 
neutralized or partially neutralized Murray Valley enceph- 
alitis and West Nile antigens (Rowan and O’Connor, 1957)* 
JBE virus persisted in the brains of Pipistrellus 
abramus (Temminck) following intracerebral inoculation 
(Ito and Saito, 1952). Virus replication occurred in the 
central nervous system of infected bats. No viremias or 
antibody responses were observed; however, prolonged virem¬ 
ias did follow subcutaneous inoculation in E. fusous and 
P. subflavus (Corristan, LaMotte, and Smith, 1956; LaMotte, 
1953). LaMotte (1958) demonstrated that bats infected while 
in hibernation had no detectable viremias until three days 
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after being removed to room temperature. He also reported 
transmission from infected chicks to bats and from bats to 
other bats and chicks via mosquitoes (Cud-ex pipiens bio¬ 
type molestus Forskal and Culex pipiens quinquefasciatus 
Say). One P. subflavus developed viremia after feeding on 
three infected C. pipiens; two similar attempts with E. 
fuscus failed. 
A series of laboratory experiments by Sulkin and 
co-workers (Sulkin, 1962b; Sulkin and Allen, 1963; Sulkin, 
Allen, Sims, and Singh, 1966; Sulkin, et al., i960, 1963, 
1964, 1965> 1966; Heck, Donaldson, Allen, and Sulkin, 
1965; Leonard, Allen, and Sulkin, 1968; Middlebrooks, 
Allen, and Sulkin, 1965, 1968, 1969) ind 1 ca te that bats 
can act as reservoir hosts of JBE virus. T. b, mexicana 
and M. lucifugus were relatively insusceptible to infection 
by subcutaneous inoculation with the Nakayama strain, a 
high mouse brain passage (53r'£) virus of human origin; both 
species and E. fuscus were susceptible to the OCT -541 
strain, a mosquito (Culex trltaeniorhynchus Giles) isolate 
passed twice through hamster kidney tissue cultures and 
once through M. lucifugus. M. lucifugus and E. fuscus 
were highly susceptible to intracerebral inoculation with 
the OCT - 5^1 strain. Virus was isolated most frequently 
from the blood and brown fat - less often from the brain 
and kidneys. The stress of pregnancy did not alter the 
.'ceptibility of T. b. mexicana to the OCT - strain. 
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Transplacental transmission occurred in all stages of preg¬ 
nancy. Fetal tissues infected were similar to those in¬ 
fected in the mother: principally the brown fat and brain, 
but also the kidneys and carcass» Environmental tempera¬ 
ture and metabolic rate influenced the course of virus 
infection and antibody response in bats inoculated with 
JBE virus. Low levels of virus were demonstrated for pro¬ 
longed periods in hibernating bats; higher titers of 
virus in the blood and tissues were produced in bats upon 
transfer to 240C„ In bats held at 37°^., virus multipli¬ 
cation occurred rapidly, producing more intense viremias 
of shorter duration with less tissue involvement0 Neutral¬ 
izing antibody was demonstrated in approximately 75 per 
cent of the infected bats following a single injection,, 
Antibody developed more rapidly in bats held at 37°^.? than 
those held at 24°C.; antibody was not detected in bats 
maintained at 8°C. Antibody by CF and HI techniques was 
not demonstrated in any of the inoculated' bats. Bats 
were susceptible to reinfection,and spontaneous recurrent 
viremias were observed. 
The serum from one of 28 flying foxes (Pteropus) 
collected in Australia neutralized West Nile virus (Rowan 
and O’Connor, 1957)* This was not considered conclusive 
evidence of past infection; the same sample also neutralized 
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JBE and Murray Valley encephalitis viruses, but not dengue 
I and dengue II. Viremias were not detected in E. helvum 
after intraperitoneal inoculation (Simpson, Williams, and 
Shepherd, 1965). 
Four of these 28 Fteropus bats were protected against 
Murray Valley encephalitis (Rowan and O’Connor, 1957)• 
However, three of the four were also protected against JBE 
virus including one protected against West Nile encephalitis 
virus; none of the four neutralized dengue 'I and dengue II. 
The earliest studies on arboviruses in bats were attempts 
to infect Molossus rufus E. Geoffroy St. Hilaire with the 
Asibi and ASC strains of yellow fever by the bite of infected 
A. uegypti (Kumm, 1932) • Viremias could not be detected 
in any of the bats. Vampire bats, De rotundus t also failed 
to circulate virus after exposure to mosquitoes infected 
with the Asibi strain. Mechanical tranmission was demon¬ 
strated by the bite of vampire bats, but the importance 
of this mode of transmission during an epidemic was doubtful. 
No viremias or neutralizing antibody could be detected in 
three species of bats (Carollia perspiciliata (Linnaeus), 
Phyllostomus hastatus (Pallas), and Eumops perotis 
(Schniz)) following subcutaneous inoculation or in two 
species (P. panamensis and Molossus sp.) bitten by in¬ 
fected A. aegypti (Hughes and Perlowagora, 1948). .Low- 
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level viremias were observed in E. helvum inoculated with 
the French neurotropic strain of yellow fever, but not with 
the Seganga strain (Williams, Simpson, and Shepherd, 1964; 
Simpson, et al., 1965)* Epomophorus wahlbergi (Sundevall) 
was susceptible to intracerebral infection (Rodhain, 193^). 
A serum sample from one bat (Glossophaga soricina 
(Pallas)) of 81 bats collected in Brazil neutralized yellow 
fever virus (Laemmert, Ferreira, and Taylor, 1946), One of 
40 samples from E. helvum collected in Uganda had neutraliz¬ 
ing antibody (Williams, et al., 1964). 
Three of 17 flying foxes (P. scapulatus and P. gouldi) 
collected in Australia were protected against dengue I 
virus (O’Connor, Rowan,'and Lawrence, 1955)* In a later 
survey, three of 28 samples neutralized dengue I and a 
fourth sample neutralized dengue II (Rowan and O’Connor, 
1957)* No group B antibody was found in a third small 
survey of sera from Australian Pteropus bats (Doherty, 
1969). HI antibody against dengue I was demonstrated in 
eight of 52 samples from P. giganteus collected during 1962 
and 1963 in India: neutralizing antibody was detected in 
five of 3^ samples (Shah and Daniel, 1966). No HI or 
neutralizing antibody to dengue I or dengue II was found 
in 43 samples collected in 1965* 
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No viremia or neutralizing antibody was detected in 
seven P. giganteus inoculated with dengue II virus (Shah 
and Daniel, 1966). HI antibody (1:80 and 1:20) was observed 
in two of six sera tested 14 days after inoculation; all 
six samples were negative on days 2S and 70* 
A low-level viremia was demonstrated in a Bouse tt us. 
angolensis (Bocage) inoculated, with Zika virus (Williams, 
et al., 1964; Shepherd and Williams, 1964; Simpson, et al, , 
1965). 
HI and neutralizing antibody to Kyasanur Forest disease 
virus was demonstrated in six Rousettus leschenaulti 
(Desmarest) collected in India; antibody was not detected 
in sera from 35 other frugivorous bats (Pavri and Singh, 
1965). Low-level viremias were demonstrated in two of 
five experimentally infected R. leschenaulti; one of the 
viremic bats died, but the four surviving bats developed 
antibody. 
Neutralizing antibody against tick-borne encephalitis 
(TBE) virus was demonstrated in bats collected in Czech¬ 
oslovakia (Havlik and Kolman, 1957; Kolman, Havlik, and 
Fischer, 1958); antibody was detected in 12 of 6l pools 
of sera from 104 bats: Rhinolophus hipposideros (Bechstein), 
Myotis myotis (Borkhausen), Barbastella barbastella 
(Schreber), and Plecotus auritus (Linnaeus). 
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Infection persisted in three species of bats (M. 
myotis, B. barbastella, and P* aurltus) inoculated with 
the Hypr strain of TBE; virus was isolated from the 
blood, brain, and liver during and after hibernation 
(Nosek, Greikova, and Rehacek, I960, 1961) . Virus repli¬ 
cation was demonstrated in the blood and central nervous 
system of inoculated bats (Kolman, Fischer, and Havlik, 
I960). 
HI antibody to Bunyamwera (BUN) virus was detected 
in one of 68 T. condylura collected in East Africa (Williams, 
et al. , 1964; Williams, Simpson, Shepherd, O’Sullivan, and 
Cunningham, 1965; Shepherd and Williams, 1964), Viremias 
persisted in T. condylura and T. pumlla for at least nine 
days after subcutaneous inoculation with BUN virus (Williams, 
et al,, 1964; Shepherd and Williams, 1964; Simpson, et al., 
1965) . Virus was isolated from the blood of E. helvum during 
the first three days after intraperitoneal inoculation 
(Simpson, et al,, 1965) . Little Brown Myotis, M. lucifugus, 
were susceptible to intraperitoneal, intracardial, and intra¬ 
cerebral inoculation - but not by intrarectal, intradermal, 
intramuscular, intralingual, and intranasal routes (Reagan, 
Delaha, Stewart, and Brueckner, 1954). 
Neutralizing antibody to Tahyna virus was not detected 
in the sera from 136 Nyctalus noctula (Schreber) (Simkova, 
1965) or 38 M. myotis (Kolman, Markoul, and Fischer, 1967) 
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collected in Czechoslovakia, Both species were completely 
resistant to experimental infection; virus was not found 
in the blood or organs tested at various intervals follow¬ 
ing subcutaneous inoculation. Neutralizing antibody was 
demonstrated in serum mixtures from M. myotls at post¬ 
inoculation intervals of 15 days and two months; antibody 
was not detected in N. noctula up to two months after 
inoculation. 
Two strains of virus, closely related or identical to 
Chikungunya virus, were isolated from pools of salivary 
glands taken from Scotophilus bats collected in Senegal 
(Bres, et al« , 1964). Lovj titer HI antibody was present- 
in three percent of the bat sera tested in that country 
(Bres and Chambon, 1964). A small percentage of ba.ts 
collected elsewhere in Africa also had HI antibody against 
this virus (Williams, et al., 1964, 1965). 
An ephemeral viremia was detected in one of four Indian 
fruit bats, P. giganteus, inoculated with 6.5 log units of 
Chikungunya virus; HI and neutralizing antibodies were 
demonstrated in three of the inoculated bats. HI antibody 
was detected after two weeks but not after five weeks, while 
neutralizing antibody was present for the entire observation 
period; the fourth bat had no HI antibody, and neutralizing 
antibody could be detected in only two of the serum samples 
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(day 14 and day 126). No viremia or antibody could be 
demonstrated in four fruit bats inoculated with 3«5 log 
units of Chikungunya virus (Shah and Daniel, 1966). Virus 
could not be detected in one R« angolensis bat inoculated 
in Africa (Simpson, et al., 1965)0 
HI antibody to Semliki Forest virus (SFV) was demon¬ 
strated in four of 23 T. condylura from East Africa (Williams, 
et al. , 1965). Viremia was reported in E. helvum after 
intraperitoneal inoculation (Simpson, et al., 1965)* 
M. lucifugus was susceptible to SFV following intraperitoneal, 
intrarectal, intradermal, intraoral, intralingual, and 
intracerebral inoculation, but not be intracardial or intra¬ 
nasal routes (Reagan, et al., 1954) «. 
HI antibody against Venezuelan equine encepha litis (VEE) 
virus was found in one of 12 A. lituratus from Panama 
(Grayson and Galindo, 1968). No antibody was demonstrated 
in 15 additional bats of other species collected in the 
same area. Four species of bats (M. lucifugus, E0 fuscus, 
P. subflavus, and Corynorhinus rafinesquii (Lesson)) were 
susceptible to intraperitoneal and intranasal inoculation 
with VEE virus (Corristan, et al., 1956). High titers of 
virus were demonstrated in the blood of infected bats for 
at least 26 days; lower levels were detected in hibernating 
bats for at least 90 days after inoculation. Titers increased 
rapidly when hibernating bats were removed to room temperature. 
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Western equine encephalomyelitis virus was isolated 
from an unidentified hat collected in New Jersey (Goldfield, 
1967)0 Virus was found in the salivary glands hut not in the 
hrain of the infected hat. 
Neutralizing antibody to eastern equine encephalomyelitis 
virus was demonstrated in five of 21 hats (3 T* brasiliensis» 
1 L* cinereus, and 1 unidentified species) from Georgia 
(Karstad and Hanson, 1958); three of 207 hats (2 M* luoifugus 
and 1 E. fusous) from Massachusetts (Daniels, et al., i960; 
Hayes, et al., 1964); and one of six hats (E. fuscus) from 
New Jersey (Goldsmith and Sussman, 1967)0 
Viremias were reported in asymptomatic E. fuscus follow¬ 
ing Inoculation with EEE virus (La Motte, 1958). 
Other Viruses 
Bats have heen suspected of carrying other viruses 
in addition to rahi.es and arboviruses. HI antibody to 
reovirus type I, hut not types II or III, was detected in 
three pools of sera from 80 Eptesious pumilus collected 
in Australia (Stanley, Leak, Grieve, and Parret, 1964). 
II* luoifugus was susceptible to a mouse-adapted form 
of the Lansing strain of poliomyelitis virus by intra¬ 
cerebral and intrarectal inoculation - hut not by intra¬ 
muscular, intraperitoneal, intralingual, intranasa'l, 
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intravenous, or intraoral routes (Reagan, Delaha, Cook, 
and Brueckner, 195^') • Hibernating Ec fuscus failed to 
exhibit poliomyelitic symptoms following oral, intranasal, 
and intracerebral exposure to the same strain of virus 
(Reagan, Schencht and Brueckner, 1952)« 
Hibernating and nonhibernating E. fuscus were experi¬ 
mentally infected with Coxsackie B~3 virus (Dempster, 
Grodums, and Spencer, 1951), Virus was demonstrated in 
the blood and brown fat of hibernating bats, and virus 
multiplication was reported in bats held at 2°C. 
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METHODS AND PROCEDURES 
Collecting Techniques 
The majority of the bats sampled {77%) during the 
course of this study were collected from abandoned mines 
in Hampden County, Massachusetts, near the village of 
Chester. These mines were worked extensively during the 
latter part of the nineteenth century to obtain corundum 
(emery) in amphibolite (Pratt, 1906)« Work was discontinued 
in the mines early in the present century. 
Transient bats were collected either by hand from 
the mines or in mist nets at the mouth of the tunnel 
during the months of September and October. Hibernating 
bats were collected by hand from the walls of the caves 
from November through April. The initial visit to these 
mines was on 8 March 1967 and the final, on 17 January 
19^9* All four species of bats sampled during this survey 
were encountered in the mines: Little Brown Myotis (Myotis 
luclfugus luclfugus (Le Conte)), Keen’s Myotis (Myotis 
keenii septentrionalis (Trouessart)), Eastern Pipistrelle 
(Pipistrellus subflavus obscurus Miller), and Big Brown 
Bat (Eptesicus fuscus fuscus (Beauvois)). 
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Most of the bats sampled were collected from the upper 
level in Tunnel No, 2 of the Old Mine (originally a complex 
of three tunnels) (Figure 1), although two E. fuscus were 
collected in Tunnel No. 1 and two M. keenii in Marcia 
Mine. On several occasions, temperature and relative 
vc 
humidity were recorded with the aid of a sl.ing psychrometer 
outside Tunnel No. 2, within the mouth of the cave, and 
approximately ?00 feet into the mine. While readings at 
the first two stations varied, the temperature deep within 
the mine where the majority of the bats were located was 
a constant 8°C; the relative humidity was 93% • A thermo- 
7\ 
graph maintained within the mine continuously from 
14 December 1967 to 13 January 1968 showed no variation 
in temperature over 24-hour periods. These conditions were 
not recorded in Tunnel No, 1 or in the Marcia Mine, Tunnel 
No, 1 was only about 25 feet in length with a large portal; 
temperature and humidity varied with weather conditions, 
being colder (ice was present within the cave) and drier 
than Tunnel No, 2, E, fuscus was the only bat seen in Tunne 
No. 1 and this species was not encountered in the other 
two mines. 
Blood samples were taken from 436 bats collected from 
the mines: 71.8% M. lucifugus, 26.6% M. keenly, 1.1% 
P. subflavus, and 0.5^ E. fuscus, Organ samples were tested 
from 206 of these bats. 
■* Taylor Instrument Company, Rochester, N.Y. 
** Bacharach Company, Pittsburg, Pa. 
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During the summers of 1966 through 1968, specimens 
were collected from buildings in Plymouth County, Massachu 
setts. Advertisements were placed in local newspapers 
requesting information on the locations of colonies. 
/ 
Several maternal colonies, clusters of males, and indiv¬ 
idual bats were located in buildings and sampled with the 
aid of mist nets, hand nets, forceps, and gloves. Blood 
samples were collected from 115 bats (32 young, 83 adults) 
44. J)% M* lucifugus , 19.1$ M. keeniji, and 3 6.5$ E. fuscus . 
Organ samples were taken from 43 of these bats. 
Additional specimens were collected in mist nets 
during 1967« 1958, and 1969. Nets set over water in 
Belchertown, Hampshire County, Massachusetts, during May 
1968 captured feeding bats. Blood samples were taken 
from two M, lucifugus and six M. keenii; organ samples 
were tested from both M. 3ucifugus and five M. keenii. 
Bats were also captured occasionally in mist nets 
during summer and fall avian studies. Specimens were 
taken in two localities in the Hockomock Swamp, Bristol 
County, Massachusetts. Eight bats (one M. lucifugus, 
one M. keenii, and six E. fuscus) were blood sampled. 
Organ samples were taken from five of these bats. 
Sampling Techniques 
Blood 'was sampled either by cardiac puncture or by 
venipunctur! Cardiac punctures were used most success' 
fully on active bats ; a maximum volume of blood could be 
taken with minimum mortality rates. Bats were lightly 
etherized and placed ventral side up on a flat surface. 
The heartbeat was located with the forefinger. A sterile 
25 gauge, 4 inch needle on a 2 ml syringe was thrust at 
an angle through the left side of the rib cage above the 
heart; blood was drawn into the syringe which contained 
diluent - 25 percent heparin in a sterile buffered saline 
solution. Approximately 0*5 nil of blood could be taken 
from Eptesious and 0.2 ml from Myotis and Pipistrellus 
without killing the bats. Heparin-saline was added to 
bring the total volume to 1.0 ml. 
With hibernating bats, this procedure was replaced 
1 
by the venipuncture, a more tedious technique but one 
which eliminated fatalities due to internal bleeding. As 
with the cardiac puncture, bats were lightly etherized and 
placed on their backs. A 26 gauge, \ inch needle on a 
syringe containing 0.8 ml of heparin was inserted into 
the femoral vein. Only 0.1 or 0.2 ml of blood could be 
collected by this method. 
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These two techniques were used on both surveillance 
(feral) and experimental (laboratory) bats. 
Specimens selected for organ sampling were sacrificed 
by exsanguination or by an overdose of ether. Both the 
specimen and the work area were disinfected with a liberal 
spray of phenol. Bats were then dissected and selected 
organs removed with sterile instruments. Utensils were 
flamed before and after each set of organs was extracted. 
In feral bats selected for the surveillance of naturally 
occurring arboviral infections * the entire brain and the 
following paired organs were removed: interscapular adipose 
tissue (brown fat), submaxillary salivary glands, lungs, 
and kidneys, 
Experimental bats were samples in a similar manner 
except that all dissections were done under a hood, and 
several sets of sterile instruments were used on each bate 
Other organs, in addition to those taken from feral bats, 
were samples in inoculated bats. In an attempt to reduce 
the possibility of false positives resulting from viremias, 
organ samples were rinsed in 5 ml of sterile heparin saline. 
Organ samples from both feral and experimental bats 
were placed in sterile, cold mortars containing an abrasive 
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(Alundum). Specimens were ground in 2 ml of a diluent 
/V 
containing 5 percent fetal calf serum. The suspension 
was then poured into a sterile test tube and spun at 2500 
RPM for 15 to 20 minutes in a refrigerated centrifuge. 
The supernate was poured into a second Pyrex tube and 
stored at -85°C until tested. 
In addition to blood and organ samples, urine and 
feces samples, throat swabs, fetuses, and suckling bats 
were taken from selected experimental bats. Urine samples 
were obtained by puncturing the distended urinary bladder 
with a 26 gauge 3/8 inch needle on a 1 ml syringe. Contents 
were drawn into a. syringe containing 0.5 ml of heparin 
saline c Fecal material was dissected from the rectum and 
ground in fetal calf serum diluent. Saliva was collected 
on sterile cotton-tipped applicator sticks inserted into 
the bat's mouth, and the bat was allowed to chew on the 
cotton; the applicator stick was then swirled in 1 ml of 
diluent. Late-termed fetuses and suckling bats from inoc¬ 
ulated females were minced and ground in 4 ml of diluent. 
* Hank's balanced salt solution with 5/ fetal calf serum 
plus antibiotics (penicillin, streptomycin, neomycin, 
and fungizone) and buffered to a pH of 7.6 with tris 
(Hydroxymethyl aminomethene). 
Maintenance Techniques 
Hibernating bats 'were maintained in 30 x 30 x 30 cm 
cages in a household refrigerator; each fine-meshed 
screen cage held up to 20 bats at one time. The refrig¬ 
erator was equipped with an aerator to ensure a continuous 
supply of fresh air and with a water pump to circulate 
water through each cage. Drinking water, but not food, 
was a vailable for the bats at all times. Bats were held 
at a tempera ture of 9°C i 4° and at a relative humidity 
of 55 - 60%. 
Nonhibernating bats were held in 100 x 100 x 100 cm 
cages at room temperature. Bats were force-fed mealworms 
daily; water was available for the bats at all times. 
Only bats collected from hibernacula during the winter 
months were maintained under conditions simulating hiber¬ 
nation. Menaker (1962) demonstrated that summer bats put 
into hibernation did not have the ability of self-arousal. 
Only the summer bats w^ere maintained in an active state. 
Inoculating Techniques 
Four separate inoculation experiments were conducted 
during the course of this study. The strain of EEE virus 
4 0 
used throughout all of these experiments was second chick- 
embryo passage material, originally from the brain of a 
naturally infected horse from southeastern Massachusetts 
in 1966. Bats were lightly etherized and inoculated sub¬ 
cutaneously in the mid-dorsal region with 0.03 ml of a 
virus suspension using a \ ml tuberculin syringe fitted 
with a 26 gauge inch needle. 
The first experiment was designed to demonstrate the 
effects of different virus dilutions on hibernating bats. 
Four Me lucifugus were inoculated with each of four virus 
dilutions (10"'f 10~ , 10" , 10"“*); three uninoculated 
bats were maintained as controls. All 19 bats were placed 
in a refrigerator immediately after inoculation. Organ 
samples were collected from these bats at irregular inter¬ 
vals during the first nine days after inoculation. 
The second experiment was designed to show the effects 
/ -2 6 
of one virus dilution (10 " = 10 plaque forming units 
(PFU)/ 0.03 ml) on hibernating bats. Sixty inoculated bats 
(38 M. lucifugus, 20 M. keenii, 1 E( fuscus, and 1 P. 
subflavus) were maintained under conditions simulating 
hibernation. An additional 25 bats (17 M. lucifugus, 
6 M. keenii, 1 E. fuscus, and 1 P. subflavus) served 
as controls. All inoculated and control bats were blood 
sampled at various intervals after inoculation. Organ 
samples were collected from 12 inoculated bats (7 K. 
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lucifugus, 3 M. keenii, 1 E. fuscus, and 1 P. subflavus) 
and one control (M. luolfugus) at several post-inoculation 
intervals ranging from 24 hours to 42 days. Urine and 
fecal samples were also taken from infected bats. 
The third experiment was similar to the preceding one 
except that nonhibernating bats were used. Twenty-one 
bats (20 pregnant or lactating M. lucifugus and one male 
E. fuscus) were inoculated and maintained at room temper¬ 
ature, Four uninoculated M. lucifugus served as controls* 
Organ samples were removed from the inoculated bats at 
48 or 72 hours after inoculation. Fetuses and suckling 
bats from infected females were also tested. 
The fourth experiment was designed to test the poss¬ 
ibility of oral transmission. Eight M. keenii were force- 
fed 0.03 ml of a suspension of EEE virus (10 J) from a 
tuberculin syringe; four additional M, keenii were force- 
fed mealworms inoculated with the same virus suspension. 
At the same time, 12 M. lucifugus were inoculated with 
0.03 ml of the virus suspension. One M. keen!i and two 
M. lucifugus were maintained as controls. Blood and throat 
1 
swab samples were collected from all 27 bats after 48 
hours in simulated hibernation. Two additional M. luolfugus 
were inoculated subcutaneously and forced to bite five 
suckling mice 48 hours after inoculation. 
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Testing Techniques 
Three host systems were used during the course of this 
study for the initial screening for arboviruses. All three 
systems - wet chicks, chick-embryo tissue cultures, and. 
suckling mice - are sensitive to EEE and WEE- viruses and 
are suitable for isolation attempts (Taylor, 1967)* 
The use of wet chicks has been described by Chamberlain, 
Sikes, and Kissling (1954). A minimum of four half-day old 
chicks were inoculated subcutaneously in the femoral region 
with 0.03 ml of the sample, using a 1 ml syringe with a 26 
gauge 3/8 inch needle. Black sex-linked cockerel chicks, 
and occasionally other breeds, were used throughout this 
study. Inoculated chicks were maintained in disposable 
boxes (28 x 28 x 11 cm) with food and water for a three- 
day observation period at 32°C. Chicks inoculated with 
blood and organ samples from feral bats were checked daily, 
for arboviral infection, while those inoculated with 
experimental samples were examined twice a day. Uninoculated 
chicks and chicks inoculated with known virus suspensions 
were frequently maintained as controls. Dead chicks and 
chicks exhibiting signs of infection were stored at -85°C 
for later referral. Brain samples were removed aseptically 
from chicks selected for passage. Brain suspensions were 
^3 
prepared in the diluent containing fetal calf serum as, 
described in the preparation of organ samples from bats. 
All dissecting and grinding was done under a'hood. Samples 
■were reinoculated and passed until a clear-cut survival 
pattern emerged. At this time, a 20$ brain suspension 
■was prepared using sterile double-distilled water instead 
of 5$ fetal calf serum. Viral identification was based 
upon typical cytopathic effect of the inoculum in chick- 
embryo tissue cultures. 
The use of monolayer chick-embryo tissue cultures has 
been c cribed for the isolation of EEE (Daniels, et al.,1 
i960) WEE (Dulbecco, 1952) viruses. Primary cell 
cultu were prepared from 11-day old embryos by the 
following technique: embryos were removed aseptically 
from six to eight eggs, decapitated, and minced in Puck's 
%r 
medium. Tissues rinsed in 3-5 ml Puck's medium were spun 
for 15 to 20 seconds at 1,000 RPM, and the supernate was 
discarded. This procedure was repeated and the supernate 
replaced with 10 ml of 0.25$ trypsin in Puck's medium. 
The suspension was incubated at 36°C for 15 minutes, 
centrifuged for 15 to 20 seconds, and the trypsin discarded. 
Tissue was again rinsed in 15 ml of Puck’s medium, spun, 
and the supernate replaced with 200 ml of Puck’s medium. 
* 80 gm NaCl, 4 gm KC1, 1,5 gm Na^HPO^* 7^2®* KH^PO^ 
in 1 liter double-distilled water. 
The tissue was stirred gently on a mechanical mixer for 
one hour to release the cells. The tissue was allowed to 
settle by gravitation; and. the supernate, containing free 
cells in suspension, was filtered through gauze. The 
filtrate was centrifuged for 5 minutes at 1,000 RPM and the 
supernate replaced with a maintenance medium of 1% egg 
albumen in Hank Eagle pyruvate solution. The suspension 
was pipetted into disposable plastic petri dishes (5 ml/ 
60 mm dish), and. the plates were incubated at 3^°C for 
24 hours. 
After 24 hours, the maintenance medium was removed and 
the monolayers inoculated with one or two drops of inoculum 
from a fine-tipped pipette. Two plates were inoculated 
from each sample; inoculated cell cultures were incubated 
at 36°C for one hour. To each plate, 4 ml of the agar - 
a" 
overlay medium was added. Plates were allowed to harden 
at room temperature for 10 to 15 minutes before being incu¬ 
bated at 36°C for 24 hours. A second overlay medium contain¬ 
ing 1/10,000 neutral red was added to each plate. Plates 
were projected against light and incubated at ^>6°C for 
another 18 hours. At this time, cultures were examined 
visually for areas of cell destruction (plaques). 
* 160 ml double-distilled water, 20 ml Medium 199 (from 
Microbiological Associates, Inc,, Bethesda, Md•), 4 ml 
sodium pyruvate, 2 ml penicillin, 2 ml streptomycin, 
2 ml fungizone, 2 ml neomycin, PL.5 dextran; after main¬ 
taining the medium at 50°C for 10 minutes, 2 ml sodium 
bicarbonate and 45 ml agar were added. 
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Several samples from feral bats were tested in suckling 
■mice as described by Sudia and Chamberlain (1967). Six 
one- to four-day old mice were inoculated intracerebrally 
with 0.02 ml of diluted blood or organ suspensions using 
a ml tuberculin syringe with a 26 gauge* i inch needle. 
The inoculated mice were placed with a lactating female in 
a disposable cage with food and water and maintained at 
22°C for two weeks. Mice were examined daily for signs of 
infection. As with the chickens* dead mice and mice with 
definite symptoms were stored at -85°C for later passage. 
Mice surviving the 14-day observation period were discarded. 
One or more mice from each litter exhibiting signs of 
infection were selected for passage. Brain suspensions 
from sick or dead mice were inoculated into new litters of 
mice; these litters were observed closely for clear-cut 
survival patterns. Additional passages and reinoculations 
were attempted if necessary. 
The sera from both feral and experimental bats were 
tested for neutralizing antibody against EEE, WEE* and CE 
viruses by the plaque reduction technique described by 
Daniels, Ratner, and Brown (1961) . The presence of anti¬ 
body was detected in heat-inactivated sera by the inhibition 
of plaque formation when combined with stock virus and 
assayed on monolayers of primary chick-embryo tissue cultures. 
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Tissue cultures were prepared as previously described. 
Diluent was added to the samples until the ratio of sera 
to total volume was 1:5. Samples were inactivated by 
incubation at ^6°C for 30 minutes. A dilution of stock 
virus calculated to contain 200 plaque-forming units was 
added to each sample. The serum-virus mixtures were 
allowed to stand for one hour at 22°C. Two plates were 
inoculated with 0.1 ml of each sample. The inoculated 
monolayers were left at ^>6°C for one hour after which the 
overlay medium was added. Tissue cultures were■incubated 
at 36°C for 24 hours, then at 22°C for 24 hours. Plates 
were then stained with neutral red as described for the 
virus test, and the number of plaques on each plate com¬ 
pared with the plaque count of the virus-inoculated control 
plates. A sample was considered positive if the number 
of plaques was reduced by 80 percent or more; equivocal, 
if reduced by 70-79 percent; and negative, if reduced by 
less than 70 percent. 
1 
Arbovirus Surveillance 
Blood samples from 559 bats tested for the presence of 
arboviruses were negative for EEE and WEE viruses (Table 1) 
However, an unidentified agent was recovered from the 
blood of an adult male M. lucifugus collected during Septem 
ber 1967 in the Chester mines. Nearly one-third of the 
mice infected with the primary sample or with first passage 
material exhibited symptoms by postinoculation day eleven; 
the remaining mice survived the 14-day observation period. 
By the third passage, all mice were obviously sick or 
dead by the eighth day. The a.gent produced plaques in 
chick-embryo tissue cultures, but the cytopathic effect 
was not consistent with typical group A arboviral infection 
Characterization and identification of the agent is not 
complete, 
Organ samples from 260 bats were negative when tested 
for EEE and WEE viruses in wet chicks; the brain of an 
additional bat was negative in chick-embryo tissue culture 
(Table 2). Thirty-six organ samples from ten M, lucifugus 
were negative when tested in suckling mice and wet chicks. 
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Antibody Surveillance 
Sera from five of 536 bats neutralized EEE virus; an 
additional sample produced equivocal results (Table 3a)- 
Because the equivocal results were reproduced in a second 
plaque reduction test, this sample will be considered 
positive in the following statistics. Neutralizing anti¬ 
body was detected in three of the four species of bats 
collected during this survey. EEE antibody was demonstrated 
in 2.9 percent of the nonhibernating bats, but only in 
0.-3 percent of those in hibernation (Table 3'b) * Of the 
nonhibernating adult bats, 3*^ percent were immune to EEE 
virus, but all 32 immature bats were susceptible (Table 3c). 
Antibody was demonstrated in 0.3 percent of the males and 
in 2.4 percent of the females (Table 3^)* Neutralizing 
antibody was found in 1.1 percent of the bats collected 
in 1967, 2.0 percent in 19&8, and 2,2 percent in 19&9 
(Table 3©)» Bats with EEE antibody were captured in 
Plymouth, Bristol, and Hampden Counties in Massachusetts 
(Table 3f). 
Neutralizing antibody against WEE virus was not 
detected in 554 bat sera; CE virus was partially neutralized 
by one of 27 samples (Table 3a)• 
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Experimental Infection in Hibernating Bats 
EEE virus was not detected in the heart, lungs, liver, 
spleen, or kidneys of M. lucifugus inoculated with virus 
100 PFU (10*'7) or 1,000 PFU (10~^) ; virus was demonstrated 
in three of the four bats inoculated with the 1,000,000 PFU 
(10”1) (Table 4a). Bats were sacrificed at various inter¬ 
vals varying from two to nine days after inoculation 
(Table 4b)„ 
Transient viremias were detected in hibernating bats 
injected with 1,000,000 PFU (10~7) of EEE virus after only 
24 hours and as long as 42 days after inoculation .(Tables 
5 and 6). Target organs included the spleen, brown fat, 
lung, kidney, heart, pancreas, and liver; virus was seldom 
recovered from the brain or submaxillary glands and never 
from the gall bladder, urine, or feces. Virus was occasion 
ally isolated from the brown fat, spleen, and kidneys in 
the absence of demonstrable viremias. Blood samples 
collected more than four days after inoculation were tested 
and found to be negative for neutralizing antibody against 
EEE virus. 
50 
Experimental Infection in Nonhibernating Bats 
Virus was detected in organs from l6 of 20 female 
M. lucifugus inoculated with 1,000,000 PFU of EEE virus 
(Table 7). One of the four uninfected bats had natural 
EEE neutralizing antibody prior to inoculation; the 
remaining 19 bats did not have demonstrable antibody. 
Organs most frequently infected at 48 and 72 hours after 
inoculation included the mammary glands, brown fat, pan¬ 
creas, lung, kidney, and liver; virus was occasionally 
isolated from the brain, heart, submaxillary salivary 
glands, and ovaries. No virus was detected in two fetuses 
or two suckling bats: however, virus was demonstrated in 
only one gravid and one lactating female associated with 
these offspring. Viremias were also demonstrated in two 
additional M. lucifugus 48 hours after inoculation. 
Virus was isolated from the brown fat but not from 
the salivary glands, lungs, heart, kidney, testes, pancreas, 
or brain of an inoculated E, fusous. 
Experimental Oral Infection 
Viremias were'demonstrated in ten of 12 M. lucifugus 
injected subcutaneously with 1,000,000 PFU of EEE virus, but 
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not in 12 JYL keenll fed approximately the same amount of 
EEE virus (Table 8)* Virus was not detected in throat 
swabs from any of the 24 bats* Blood and saliva samples 
were taken 48 hours after attempted infection* Virus was 
not detected in ten suckling mice bitten by two additional 
viremic M« -lucifugus 48 hours after inoculation. 
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Table 1 „ Blood samples from bats tested for the presence 
of EEE and WEE viruses,-"' 
CETC CETC 
& SM 
SM WC Total 
M. lucifugus 331 Q .y. O /v /v 21 5 365 
M. keenii 126 2 10 2 l4o 
E, fuseus 
CO
 
-
c
r
 1 49 
P. subflavus 5 5 
Total 510 10 Q O 7' 559 
V 
vr All samples were negative for EEE and WEE viruses. 
An unidentified agent was isolated from one sample, 
CETC = chick-embryo tissue culture 
SM = suckling mice 
WC = wet chicks 
Table 2, Bats from which organ samples were tested for 
the presence of EEE and WEE viruses,"' 
Brain, submaxillary salivary glands, lungs, 
kidneys, and brown fat were tested from each 
bat unless otherwise marked, 
CETC SM WC Total 
M. . lucifugus 1* 
++ 
10 i73+++ 
; i 
-
Cr
 
1 i \ 1 
M. keenii 60 60 
E. fuscus 25 25 
P. subflavus 2 2 
Total 1 10 260 261 
All samples were negative for EEE and WEE viruses, 
+ brain sample only 
++ 36 organ samples from 10 bats - also tested in WC 
+++ brain sample from one bat not tested 
CETC = chick-embryo tissue culture 
SM = suckling mice 
WC = wet chicks 
53 
Table 3a-• Neutralizing antibody in sera from bats collected 
in Massachusetts, 1966 - 1969 
EEE Antibody WEE Antibody CE Antibody 
+ + — + + + + 
M« lucifugus 339 1 0 359 0 0 12 0 0 
Me keenii 138 s'' A 1 144 0 0 10 0 1 
E. fuscus 48 1 0 49 0 0 4 0 0 
P. subflavus 5 0 0 5 0 0 
Total 530 5 1 554 0 0 26 0 1 
~ = negative, + = pos itive, 
+ 
— — 1 equi vocal 
Table 3"b. Neutralizing antibody against EEE'virus in 
hibernating and nonhibernating bats 
N onhibernating Hibernating Tota .1 
M. lucifugus 1/85 (1.2#)* 0/255 (0.0#) 1/340 (0.3#) 
Me keenii 3Ao (7.5#) 1/102 (1.0#) 4/142 (2.8#) 
E. fuscus 1/47 (2.2#) 0/2 (0,0#) 1/49 (2.1#) 
P. subflavus 0/5. (0.0#) 0/5 (0.0#) 
Total 5/l?2 (2.9#) . 1/364 (0.3#) 6/536 (1.1#) 
Number positive or equivocal/number tested (Percent positive) 
Table 3°« Age distibution of EEE antibody in nonhibernating 
bats 
Suckling Immature Adult Total 
M. lucifugus 
M. keenii 
E. fuscus 
0/8 (0.0%)* 1/7? a.3#) 
0/5 (o.o#) 3/35 (8.6#) 
0/13(0.0$) 0/6 (0.0#) 1/28 (3.6#) 
1/85 (1.2#) 
3/40 (7.5#) 
1/47 (2.1#) 
Total 0/21(0.0#) 0/11(0.0#) 5/140(3.4#) 5/172(2.9#) 
* Number positive or equivocal/number tested (Percent positive) 
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Table 3&. EEE neutralizing antibody in male and female bats 
male female 
Nonhibernating 
M. lucifugus 0/28 {0s0/fC 1/57 (1.8/) 
M. keenii 1/11 (9.U) 2/29 (6.9/) 
Ec fuscus 0/20 (OcO/) 1/27 (3-7/) 
Pc subflavus 
Total 1/59 (1.7/) 4/113 (3.5/) 
Hibernating 
M* lucifugus 0/187(0.0/) 0/68 (0.0/) 
Me keenii o/73 (o.o/) 1/29 (3.4/) 
Ee fuscus 0/1 (0.0/) 0/1 (0.0/) 
P0 subflavus o/4 (o.o/) o/i (o.o/) 
Total 0/265(0c0%) 1/99 (l.o/) 
Total 
Me lucifugus 0/215(0*0/) 1/125(0.8/) 
M. keenii 1/84 (1.2/) 3/58 (5.2/) 
Ee fuscus 0/21 (0.0/) 1/28 (3.6/) 
Pe subflavus 0/4 (0.0/) 0/1 (0.0/) 
Total 1/324(0.3/) 5/212(2.4/) 
* Number positive or equivocal/number tested (percent positive) 
55 
Table 3®• Yearly distribution of EEE neutralizing 
antibody in bats 
1966 1967 1968 1969 
- lucifugus 
M o keen!i 
E. fuscus 
P, subflavus 
Total 
0/3(o.on"0/116(0.0^) 
1/57 (1.8^) 
1/4 (25.0^) 
0/1 (0.0%) 
1/200(0.5^) 
2/61 (3.3/) 
0/44 (0.0/) 
0/4 (0.0/) 
0/3(0.0/) 2/178(1.1/) 3/309(2.0/) 
0/21(0.0/) 
1/24(4.2/) 
0/1 (0.0/) 
1/46(2.2/) 
* Number positive or equivocal/number tested (percent positive) 
Table 3 f * Geographical (County) distribution of EEE antibody 
in bats in Massachusetts 
Plymouth Bristol Hampden Hampshire 
Mo lucifugus 1/51(2.0$) O/l(0c0%) 
M„ keenli 2/22(9*1$) 0/l(0*0$) 
E0 fuscus 0/4l(0e0$) 1/6(1607$) 
P c, subflavus 
0/286(0.0/) 0/2 (0.0/) 
2/113(1.8/) 0/6 (0.0/) 
0/2 (0.0/) 
0/5 (0.0/0 
Total 3/114(2.6/) 1/8(12.5/) 2/301(0.7/) 0/8 (0.0/) 
* Number positive or equivocal/number tested (percent positive) 
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Table 4a* Virus isolation attempts from hibernating 
M* luclfugus inoculated with one of four 
diluti ons of EEE ! virus 
Virus 
Dilutions 
Plaque 
forming 
Units 
Heart- 
Lung 
Organs 
Liver- 
Spleen 
Kidney 
Blood 
10-1 H
 
O
 00
 
4/4* 
V
 
1—1
 2/4 
0^
 
1
 o
 
1—1
 
106 3/4 0/4 1/4 0/2 
i
 o
 
1—1
 
I_
I 
o
 
0/4 0/4 0/4 
10"7 
2 10 0/4 0/4 0/4 0/2 
Controls 0 0/3 0/3 0/3 
* Number positive/ number tested 
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Table 4b. Virus isolation attempts from hibernating 
M0 lucifugus at various intervals following 
inoculation with one of four dilutions of 
EEE virus 
Virus Plaque Tissues Post~inoculation(days) 
Dilutions forming 23^5^789 
Units 
lCT1 108 Heart-Lung Pool 
Liver-Spleen Pool 
Kidney 
1/1" 
0/1 
1/1 
1/1 
°A 
i/i 
1/1 1/1 
0/1 1/1 
0/1 0/1 
10~3 :lo6 Heart-Lung Pool 
Liver-Spleen Pool 
Kidney 
Blood 
1/1 
0/1 
1/1 
1/1 
0/1 
0/1 
1/2 
0/2 
0/2,,.. 
0/2 
10-5 •10^ Heart-Lung Pool 
Liver-Spleen Pool 
Kidney 
0/1 
0/1 
o/l 
0/2 
0/2 
0/2 
o/l 
0/1 
0/1 
10-7 102 Heart-Lung Pool 
Liver-Spleen Pool 
Kidney 
Blood 
o/l 
0/1 
0/1 
0/1 
0/1 
o/l 
0/2 
0/2 
0/2 
0/2* ** 
Control - Heart-Lung Pool' 
Liver-Spleen Pool 
Kidney 
o/3 
0/3 
0/3 
* Number positive/ number tested 
** The four blood samples were also negative for EEE 
neutralizing antibody. 
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Table 5« Isolation attempts on hibernating Myotls bats 
inoculated with EEE virus 
Pre~ Post-inooulation (weeks) 
Inoculation 1 ■ 2H 3** 4^ 5' 
bats 0/38" 15/37 3/5 
Blood 
M. lucifugus 
Inoculated 
Control bats 
M. keenii 
Inoculated- bats 
Control bats 
Brown Fat 
Lung 
Kidney 
Heart- 
Liver 
Pancreas 
Spleen 
Brain 
Salivary Gland 
Gall Bladder 
Urine 
Feces 
0/16 0/16 0/2 
0/20 5/20 2/4 
0/6 o/6 
4/4 i/5 
4/4 2/5 
3/4 2/5 
3/4 1/5 
3/4 0/3 
2/3 0/1 
2/2 1/1 
1/4 1/5 
■ 0/4 1/5 
0/1 0/1 
o/5 
0/4 
0/2 
0/2 0/1 0/1 
0/2 0/2 
1/5 0/2 0/1 
0/1 
i/i 0/1(control) 
i/i 0/1(control) 
0/1 0/1(control) 
i/i 0/1(control) 
0/1(control) 
0/1(control) 
0/1(control) 
0/1 0/1(control) 
0/1 0/1(control) 
0/1(control) 
* Preinoculation blood samples were negative for virus and 
EEE antibody. 
Number positive/ number tested 
+ Blood samples taken more than one week after inoculation 
were tested and found negative for EEE neutralizing 
antibody, 
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Table 6. Isolation attempts on hibernating E, fasciis and 
P. subflavus inoculated with EEE virus 
Pre- Post-inoculation (weeks) 
Inoculation'"' 12 3 ^ 5 6 7 8 9 10 
fuscus 
Inoculated 0/1** 0/1 0/1 
Control 0 A 0/1 
subflavus ■ 
Inoculated 0/1 0/l+* 
Control 0/1 0/1 
1/1 i/i+ 
0/1 0/1 0/1 
* Preinoculation samples were negative for virus and EEE 
antibody« 
** Number positive/ number tested 
+ 42 post-inoculation day organ samples - positive: 
brown fat, lung, heart, kidney; negative: brain, 
salivary glands 
++ 3 post-inoculation day organ samples - positive: 
brown fat: negative: brain, salivary glands, lung, 
heart, liver, gall bladder, spleen, pancreas, 
kidney, feces, urine 
6o 
Table 7« Virus isolation attempts on nonhibernating 
female M. lucifugus inoculated with SEE virus 
Post-inoculation (hours) 
48* 
(15 bats) 
M .V 7T7C 
?2 
(5 bats) 
Mammary glands 12/15* 2/4 
Brown fat 10/15 2/5 
Lung 9/15 2/5 
Kidney 6/15 2/4 
Brain 4 A 5 2/5 
Pancreas k/6 
Heart 3/15 2/5 ‘ 
Salivary glands 2/15 1/5 
Liver 2/3 0/2 
Ovary 0/2 1/2 
Fetus 0/2 
Suckling bat 0/2 
* Virus was 
two bats * 
not detected in any of the organs tested from 
** Virus was 
two bats; 
not detected 
one of the 
in any of the 
two uninfected 
organs tested from 
bats had. natural 
EEE antibody prior to inoculation„ 
+ Number positive/ number tested 
Table 8C Virus isolations from bats following attempted 
infection via the subcutaneous route (Mo lucifugus) 
and the oral route (M» keenii) with EEE virus 
Blood Saliva ^ 
Throat Swab Bite 
Subcutaneous Route 12/14+ 0/12 0/2 
Oral Route 0/12 0/12 
Controls (both species) 0/3 0/3 
* Each bat was forced to bite five suckling mice* 
+ Number positive/ number tested 
DISCUSSION 
Surveillance 
While there was no evidence of current infection with 
EEE or WEE viruses in any of the bats surveyed, prior 
infection with EEE virus was demonstrated by the presence 
of neutralizing antibody in three species. An analysis 
of this serologic data indicates a statistically significant 
difference in the incidence of EEE Immunity in hibernating 
and nonhibernating bats. Using the data present in Table 
3b and the formula 
,2 SE 
= pq ( s + s2 } 
where 
p = total percent positive (1.1$) 
q = X - P (98.9%) 
N^= number of hibernating bats tested (364) 
N^= number of nonhibernating bats tested (172) 
the standard error of the difference (SEnc^) was computed 
D/o 
to be 1.0$. The difference between the percent positive 
in the two groups (2.6$) is 2.6 times the. standard error. 
Therefore, the chance that this difference was due to 
sampling is 0.9$; the odds against such an occurrence are 
approximately 106 to one. 
6 2 
Several factors might explain this difference in 
antibody production between hibernating and nonhibernating 
bats. The physiological state of an animal is known to 
influence antibody production; reduced body temperatures 
and metabolic rates in hibernating vertebrates have been 
associated with the suppressed synthesis of immune 
globulin (Schmidt, 1965)* Hibernating bats inoculated 
with EEE virus during the present study failed to develop 
demonstrable neutralizing antibody; similar results have 
t 
been reported in bats infected with JBE virus (Ito and 
Saito, 1952; Sulkin, et alM 1966) and Trypanosoma equiper- 
dum (Kalabukhov and Levinson, 1935) « Jaeger (1963) observed 
a precipitin reaction in sera from nonhibernating M. myotis 
inoculated with bovine serum albumin, but not in the sera 
from hibernating bats inoculated with the same substance. 
Similar antibody responses have been reported for other 
hibernating animals (see Schmidt, 1965)• 
Distribution during the EEE transmission season may 
be another factor influencing antibody rates in the 
hibernating and nonhibernating bats. In New England, 
epidemic, and apparently enzootic, areas of EEE virus 
include parts of southeastern Massachusetts, Rhode Island, 
and Connecticut. Bats collected during the summer months 
were taken in known epidemic areas ; the summer distrib- 
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ution of the bats collected from hibernaoula is not known. 
Long flights (150-200 miles) of Myotis and Pipistrellus 
between the summer feeding grounds and winter caves have 
been reported in the northeastern states. Bats banded at 
the Chester mines have been recaptured in Massachusetts, 
Connecticut, New York, and Vermont (Table 9a); bats 
banded in Vermont, Connecticut, and Massachusetts have 
been recovered in Chester (Table 9b). The limited evidence 
available indicates that the summer dispersal of MXGii£ 
species is to the south of the Chester mines. Davis and 
Hitchcock (1965) suggest that M. lucifugus summering in 
southeastern Massachusetts, Rhode Island, and northeastern 
Connecticut overwinter in a cave on Mt. Aeolus near East 
Dorset. Vermont. E. fuscus, however, does not migrate far 
from their summer range; this species will hibernate in 
buildings, something Myotis bats rarely, if ever, do 
(Griffin, 1940a), 
Using the standard error of the difference formula 
and the data presented in the total column of Table 36, 
it was determined that there was a significant difference 
between antibody rates in male and female bats. The 
probability that this difference was due to chance alone 
was computed to be 2.1 percent. However, when the data 
from hibernating and nonhibernating bats are computed 
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Table 9^o Foreign recoveries of bats banded at the emery 
mines in Chester, Massachusetts* 
No . Species Locality of 
Recovery 
Distance(mi *) Reference 
Direction 
1 M* lucifugus Roxbury3 Conn, 55 SW Griffin, 1940a; 
1945 
1 M. keenii Roxbury,Conn* 55 sw 11 1940a; 1945 
1 M* lucifugus Clarksville,N • Yo6l WNW Griffin, 1945 
1 Not reported Brandon, Vt. 108 N n u 
11 M, lucifugus Dartmouth,Mas 5*112 SE Gifford & Griffin,i960 
1 M* lucifugus E. Dorset, Vt t. 66 N tt tt M 
1 Mc. lucifugus Ws. Hartford, Conn* 
39 ssw Hitchcock, 1968 
1 Mo lucifugus W. Hartford., Conn* 
18 s Wi U 
Table 9k* Foreign recoveries of banded bats in the emery 
mines in Chester, Massachusetts 
No* Species Locality Distan.ce(mi *) Reference 
rchere banded Direction 
1 M* sodalls E,- Dorset, Vt, 66 
1 k* lucifugus ( ?) W. Ashfords Conn* 
- 5Q 
1 H» lucifugus(?) Monterey,Mass. 
19 
S Griffin, , 1945 
SE „Davis & Hitchcock,1965 
SW tt It: tt 
6.5 
separately, this probability is 36•8 percent in both 
groups. Of the 364 hibernating bats sampled, 72*8 percent 
were males; similar sex ratios among hibernating bats 
have been reported by other workers (Griffin, 1940b; Allin, 
1942; Davis. 19.59; Davis and Hitchcock, 1964)* Differences 
in clustering behavior, survival rates, and temperature- 
i 
preferences have been suggested as possible reasons for the 
disproportionate sex ratios. Of the 172 nonhibernating 
bats collected., only 3^«3 percent were males* Maternal 
colonies were composed almost exclusively of females, 
except for the suckling bats; males were collected in mist 
nets and in small clusters from buildings* 
Neutralizing antibody against WEE virus could not be 
demonstrated in sera from 336 hibernating or 172 non- 
hibernating bats. The presence of WEE virus has been 
demonstrated in arthropod and avian hosts in southeastern 
Massachusetts since 1959 (Hayes, Daniels., and MacCready, 
1961; Hayes, I96I; Wheeler, et alo, in preparation). 
The lack of WEE antibody in this study suggests either 
that bats are refractory to infection with WEE virus or 
infection is fatal or disabling to bats. 
No CE antibody was demonstrated in sera from 19 
hibernating and 7 nonhibernating bats. One additional 
sample from a winter bat produced equivocal results; the 
quantity of the serum was not sufficient for further testing. 
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Population dynamics must be considered in evaluating 
the role of any group of vertebrates as potential reservoir 
hosts of EEE virus.. Colonial bats are abundant in southern 
New England although accurate population estimates are 
difficult to determinee Davis and Hitchcock (1965) computed 
the winter population of Me lucifugus in the Aeolus Cave 
in Vermont to be 300-.* 000 - 30*000; they determined that 
the summer population in southeastern Massachusetts and 
Rhode Island was about 26 per square mile assuming that 
1 
all Me lucifugus in this area hibernate in the one cavec 
Estimates of the hibernating population of bats in the 
Chester Mines vary: 2,427 in 193& and 1937 (Griffin, 1940b)? 
1,000 (Griffin, 1945); 4,000 in 1962 and 2,000 in 1963 
(Davis and Hitchcock, 1965) . 
Longevity is also important in evaluating antibody 
results in any vertebrate host* Longer-lived animals 
have a greater exposure risk than species with shorter 
life spans; the opportunity to detect antibody responses 
to infection is greater also. Banding studies have revealed 
many records of bats living ten years or more although 
little is known about the persistence of neutralizing 
antibody in these or other heterotherms• The following 
are published longevity records of the six species of 
colonial bats occurring in New England: 
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Species Longevity Authority 
M. lucifugus 24 years Griffin and Hitchcock, 
1965 
M0 keenii 18 years 6 months Hall* Cloutier, and 
Griffin, 1957 
M; sodalis 13 years 10 months Paradise and Greenhall* 
1967 
M. subulatus 12 years Paradise and Greenhall, 
1967 
E. fuscus 19 years Paradiso and Greenhs.il, 
1967 
P. subflavus 14 years Davis, 1966 
Fecundity is an important factor in the production of 
susceptible, non-immune hosts. Myotis females give birth 
to one offspring a year; Epteslous may produce two. In 
addition, mortality is high among Myotis and Pipistrellus 
bats during the first winter, but drops significantly 
after the second year (Davis and Hitchcock* 1965* Davis* 1966). 
Experimental Studies 
EEE virus was isolated from about one-third of the 
blood samples from inoculated hibernating bats* Viremias 
were demonstrated at irregular intervals over the 42-day 
observation period. In at least two bats, virus was 
recovered from organ samples but not from blood taken at 
the same time. Other workers have reported that bats 
inoculated with JBE, SLE, or VEE viruses and maintained at 
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hibernating temperatures either failed to develop demonstrable 
viremias or circulated virus in low titers (Corristan, et 
al,, 1956; La Motte, 1958; Sulkin, Allen, and Sims, 1966; 
Sulkin, et al., 1965, 1966) . 
Erythrocytes are stored in the spleen of hibernating 
bats (Evans, 1938) and are rapidly released into circulation 
during arousal (Lidicker and Davis, 1955)« The spleens 
in three of four infected hibernating bats contained EEE 
virus. Viremias might be the results of infected erythro¬ 
cytes released from the spleens of inoculated bats during 
the blood sampling procedure and, therefore, not typical 
of the bat in hibernation. 
The importance of the brown fat in bats as a site of 
virus replication and its role as 'a possible "reservoiring 
mechanism11 for certain arboviruses (JBE and SEE) and rabies 
virus has been stressed by Sulkin and co-workers (Sulkin, 
1962a, 1962b; Sulkin, Allen, and Sims, 1960, 1963j 19^6; 
Sulkin, Allen, Sims, and Taylor, 1965; Sulkin, Krutzsch, 
Allen, and Wallis, 1959; Sulkin, Krutzsch, Wallis, and 
Allen, 1957; Sulkin, Sims, and Allen, I96I, 1966). Several 
viruses, including rabies (Sulkin, et al., i960; Bell and 
Moore, i960; Bell, et al., 1962, 1966), Rio Bravo (Baer 
and Woodall, 1966), and SLE (Sulkin, et al., 1966) have 
been isolated from the brown fat of naturally infected 
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bats. Rabies virus replication has been demonstrated in 
tissue cultures prepared from the brown fat of bats (Allen, 
Sims, and Sulkin, 1964a, 1964b). 
In the four species encountered during the present- 
survey, the brown fat consists of two well-defined, bi-lobed, 
organ-like structures located middorsally, superficial to 
the musculature in the depression between the scapulae (dorsal 
lobes) and extending laterally around the base of the neck 
(cervical lobes). In Myotis and Pipistrellust blood is 
supplied from the thyrocervical trunk and drainage is to 
i 
the external jugular vein. Innervation is via dorsal 
rami of the lower cervical and upper thoracic spinal nerves 
and branches from the cervical and brachial plaxuses 
(Krutzsch and Sulkin, 1959)• 
The function of the brown fat is not known, although 
recent workers believe that it is an important source of 
nonshivering thermogenesis during arousal from hibernation 
(Smith and Hock, 1963; Smalley and Dryer. 1963? 1965; 
Joel, 1965; Hayward and Lyman, 1965; Hayward- and Bell, 
1966; Paulsrud and Hock, 1968), One mechanism that has 
been suggested for heat production is the lipolysis and 
re-esterification of triglycerides (Ball and Jungas, 1961; 
Dawkins and Hull, 1964). Concentrations of triglycerides 
remain high in the brown fat of hibernating bats until 
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arousal when there is a sharp increase in triglceride 
consumption (Paulsrud and Dryer, 1968)c 
EEE virus was recovered from the brown fat in 21 of 
27 experimentally-infected bats. Virus was isolated from 
this tissue in the absence of viremias in at least two 
bats* It was the only tissue infected in three bats; 
however, virus was not recovered from the brown fat of 
six infected bats0 Virus was demonstrated in the adipose 
tissue in hibernating bats at intervals ranging from 24 
hours to 42 days after inoculation/ 
The mammary glands were frequently infected in inoc¬ 
ulated lactating or gravid M* luclfugus . Glandular and 
fatty tissue from the breasts in 14 of 16 infected bats 
contained EEE virus. In three bats, the mammary glands 
were the only tissue found to be infected; in one bat, 
the mammary glands and the brown fat were the only positive 
tissues« Rabies virus (Sims, Allen, and Sulkin, 19&2) 
and Rio Bravo virus (Johnson, 1957) have been isolated 
from the mammary glands of experimentally infected bats. 
It has been suggested that EEE virus is not neuro¬ 
tropic in most avian hosts and that the primary site of 
infection is the liver (Kissling, Chamberlain, Sikes* and 
Eidson, 195*0 • However, in certain mammalian hosts, 
including equines and man, the virus is isolated mos't 
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frequently from the brain (Kissling, Chamberlain. Eidson, 
Sikes, and Bucca, 1954; Rowan, Goldfield, Welsh, Taylor., 
and Sussman, 1968). The virus does not appear to be 
particularly neurotropic in bats; isolations were made 
from the brains of two hibernating bats and six nonhiber¬ 
nating bats inoculated with EEE virus. The lack of central 
nervous system involvement in the majority of infected 
bats may account for the apparent lack of encephalytic 
symptoms. Virus was recovered from the livers in five of 
ten infected bats. 
The clustering behavior of these gregarious mammals, 
both in the summer maternal colonies,and in the winter 
hibernacula, is conducive to the spread of various patho¬ 
genic agents via arthropod and non-arthropod vectors. The 
present study did not include an attempt to transmit EEE 
virus among colonial bats by arthropod vectorsc A search 
of the literature failed to reveal any evidence of mos¬ 
quitoes feeding on bats in nature, although there were the 
following examples of Aedes and Culex species biting bats 
under laboratory conditions: Aa aegypti biting Molossus 
major (Kerr) (Gordan, 1922); A* aegypti biting M, rufus 
and D. rotundus (Kumm, 1932); and Cfc n. pipiens (biotype 
molestus) biting E. fuscus, and C. p» quinquefasciatus 
biting Ec fuscus and M. lucifugus (LaMotte, 1958) 
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EEE virus has been isolated from naturally infected 
bird-mites (Dermanyssus gallinae (De Geer)) and chicken 
lice (Eomenacanthus stramineus (Witzsch)) (Howitt, Dodge, 
Bishop, and Gorrie, 1948), but the importance of these 
parasites in maintaining the virus in nature is doubted 
(Howitt, et si., 1948; Chamberlain and Sikes, 1955)* 
Certain ticks (Ixodes rlcinus Linnaeus and Dermacentor 
marginstus (Sulzer)) can also be infected with EEE virus 
(Rehacek, i960). During the present survey, fleas 
< 
(Myodopsylla insignis (Rothschild)) and mites (tentatively 
identified as Spinturnip americanus (Banks). S. baker! 
Rudnick, and Macronyssus crosbyi (Ewing and Stover)) were 
frequently encountered. Other ectoparasites reported from1 
bats in New England and New York state include fleas: 
Nycteridopsylla chapini Jordan (Benton, 1955; Geary, 1959) 
and Peromyscopsylla hesperomys (Baker) (Fuller, 1943); 
bedbugs: Clmex pilosellus Horvath (Allen, 1921); ticks: 
Ixodes cookei Packard (Hyland and Mathewson, 1961) and 
Ornithodoros kelleyi Cooley and Kohls (Cooley and Kohls, 
1944; Bequaert, 1946); and mites: Stsatonyssus occidentalis 
(Ewing), Chiroptonyssus robustipes (Ewing), Haemolaelaps 
glasgowi (Ewing), Laelaps sp,, Dermatophagoides sp., and 
Calearmyobia sp. (Parsons, 1961); Haemogamassus alaskensls 
Ewing (Keegan, 1951); and Euschongastia hamiltoni Brennan 
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(Brennan, 1947). No data are available on the ability 
of any of these species to become infected or transmit 
EEE virus « 
Although bats are known to eat mosquitoes (Hinton and 
Wershaw, 1920; Howard, 1922), these insects are not a 
major source of food for insectivorous bats (Storer, 1926; 
Nelson, 1926; Sherman, 1939; Allen, 1939). However, the 
opportunity for bats to feed upon infected mosquitoes while 
foraging is always present. The possibility of transmission 
by the ingestion of EEE virus was examined in this study. 
Virus was not detected in the blood or throat swab samples 
from 12 M, keenii 48 hours after feeding on EEE virus. 
It is, therefore, suggested that oral transmission through 
the ingestion of infected arthropods is'not likely to be 
an effective method of perpetuating the virus among bats„ 
The recovery of virus from the mammary glands in many 
of the gravid or lactating M. luoifugus inoculated with 
EEE virus suggests the possibility of infection through 
the mothers’ milk. Only one suckling bat from an infected 
female was tested; virus was not demonstrated in the 
young bat although it was found in the mammary glands 
and other tissues of the mother. Oral infection could 
not be demonstrated in M. keenii, although no attempts 
were made at infecting suckling bats. 
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EEE virus was isolated from the lungs from 19 of 
27 experimentally infected bats; thus* direct contact .via 
virus-laden droplets expelled by sneezing and' counghing is 
a possible mode of transmission. However, the lack of 
infection in twelve M. keenii force-fed EEE virus indicates 
that an oral portal of entry is unlikely. 
Infected droplets of urine are another possible method 
of transmission among colonial, bats . EEE virus was not 
found in three urine samples from infected bats; however, 
the kidneys from six hibernating and eight nonhibernating 
bats were infected. Furthermore, viruria was reported in 
a bat naturally infected with rabies virus (C-irard, et al. , 
1965)e 
Transmission through fecal contamination could not be 
demonstrated; feces samples from five infected hibernating 
bats were negative for virus. 
The frequent recovery of the bat-arboviruses (except 
Lagos bat and Kern Canyon viruses) and rabies virus from 
the saliva and/or salivary glands of naturally infected 
bats suggests the possibility of transmission by bite. 
EEE virus was recovered from the salivary glands of only 
one hibernating and three nonhibernating bats inoculated 
during the present study. Attempts to isolate the virus 
in throat sawb samples taken from twelve additional, inocu- 
75 
lated M. 1ucifugus (10 viremic) failed, as did two attempts 
to infect suckling mice by the bites of two viremic bats. 
Transmission by bite, therefore, seems unlikely. 
Transplacental transmission may be another source of 
infection. Only one fetus from an infected K, lucifugus 
was tested for the presence of EEE virus in-the present 
study. The entire fetus was negative although virus was 
present in the brown fat and mammary glands of the mother. 
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C 0 N C L U S I 0 N S 
10 Natural infections of EEE virus occur in colonial 
bats of the genera Myotis and Eptesicus in southern New 
England,, The incidence of acquired immunity in adult* 
nonhibernating, colonial bats was 3-4 percent during the 
interepidemic period studied0 
2. Natural infections of WEE virus among colonial 
bats were not demonstrated by the presence of virus or 
specific neutralizing antibody. 
3. Colonial bats are susceptible to infection with 
EEE virus by subcutaneous inoculation with a low-passage 
strain of virus of equine origin. Encephalitic symptoms 
were not observed in infected bats. 
4. Prolonged infections over a 42-day observation 
period were observed in inoculated bats maintained in 
simulated hibernation, Viremias were detected at irregular 
intervals in hibernating bats, but they may be influenced 
by the amount of disturbance (arousal) involved in the 
bleeding process. Virus was also demonstrated in various 
organs, especially the brown fat, lungs, spleen, kidneys, 
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and heart, occasionally in the absence of viremia. The! 
brain and salivary glands were seldom infected. 
5* A lipotropism of EEE virus was demonstrated in 
experimentally infected lactating or gravid lucifugus; 
virus was frequently recovered from the mammary glands and 
brown fat* 
6. A statistical analysis of data, from feral bats 
indicates that the incidence of EEE antibody is greater 
among nonhibernating than among hibernating bats. 
Experimental data suggest that hibernating bats fail to 
develop specific neutralizing antibody0 
7 o Transmission via the bite of infected bats, 
the ingestion of virus, and contamination by infected 
urine or feces could not be demonstrated. 
8. Population dynamics, plus the prolonged infections 
possible under hibernating conditions, indicate that 
colonial bats could be suitable reservoir hosts for the 
overwintering of EEE virus in southern New England. 
SUMMARY 
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The following observations were made on arboviral 
infection in wild and laboratory bats in New England: 
1. Current infections of EEE and WEE virus were not 
detected in blood samples from 559 bats or in organ samples 
from 26l bats collected in Massachusetts* 
2* Past infections of EEE virus were demonstrated 
by the presence of neutralizing antibody in three common 
species of colonial bats* There was no evidence of 
neutralizing antibody against WEE virus and only suggestive 
evidence of CE antibody. 
Hibernating Myotis dueifugus were infected by 
subcutaneous inoculation with an EEE virus dilution of 
10“"3 (lf 0001000 PEU) of equine origin, but not with a 
dilution of 10*"3. 
d* Hibernating bats (Myotis lucifugus, Myotis keenli, 
Eptesicus fuseus, and Pipistrellus subflavus) were 
experimentally infected by subcutaneous inoculation with 
EEE virus. Transient viremias were observed, but neutraliz¬ 
ing antibody was not detected. Target organs included the 
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spleen, brown fat, lung, kidney* heart* pancreas, and 
liver« 
5. Nonhibernating bats (Myotis lucifugus and 
Eptesicus fuscus) were inoculated with EEE virus. 
Infected tissues included the mammary glands ,• brown 
fat., pancreas, lung, kidney, liver, and blood. 
6. There was no evidence of transmission by bite 
from viremic Myotis lucifugus» Myotis keenii were not 
infected by the ingestion of EEE virus. 
The significance of these observations and the possible 
role of colonial bats as reservoirs of arboviruses during 
interepidemic periods in New England are discussed» 
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Appendix B, Experiment I: Hibernating Myotis lucifugus 
inoculated with one of four EEE virus dilutions 
on 17 November 1967. 
Numbers in the first column refer to bats 
listed in Appendix A. Numbers in the third 
column indicate the number of days after 
inoculation that each bat w as s ample!. 
Preinoculation blood samples and four post¬ 
inoculation blood samples were all negative 
for EEE virus and antibody. 
No. 
Virus 
Dilutions 
Post-inoc 
Day 
6 Lung-Heart Liver-Spleen 
Pool Pool Kidney Blood 
65 ICT5 7 — 
67 
a
 
i
 
1
 0
 
1
—
1
 
8 1 1 - 
69 lO"1 3 H- - + 
70 Control 3 - - - 
73 10~3 9 + — - - 
7^ IQ-1 8 + _l_ - 
76 
a
 
[
 0
 
i
—
1
 5 - — - 
78 10~3 9 - - - - 
80 
[>-
 
I
 0
 
I—1
 8 - - - 
81 
O-
 
t
 O
 
1
—1
 9 - - - 
82 
1
—!
 
i
 O
 
H
 7 - — 
84 10~7 3 - - 
85 Control 3 - — — 
86 10"1 5 ~ + 
88 10~3 3 ^L J - 
92 
t
 O
 
1
—1
 
2 mnm - - 
94 Control 3 — — - 
97 10~5 5 - - — 
99 10~7 9 — - - - 
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Appendix C. Experiment II: Hibernating bats inoculated 
■with EEE virus (10 “3 dilution) 
Numbers in column one refer to bats listed 
in Appendix Ac Numbers in parentheses indicate 
the number of days after inoculation that each 
sample was taken. 
The following abbreviations are used in this 
appendix: BF (brown fat), Lu (lung), Ki (kidney), 
HT (heart), Li (liver), Pa (pancreas), Sp (spleen), 
Br (brain), SC- (submaxillary salivasry glands), 
GB (gall bladder), I (inoculated), and C (control). 
Preinoculation blood samples were negative for 
neutralizing antibody against EEE virus. 
An asterisk (*) indicates blood samples that 
have been tested and found negative for EEE 
antibody* 
Inoculation Post-inoculation 
NOp Date Blood Samples 
1st 2nd 3rd 4th 
Urine Feces Organ Samples 
Negative Positive 
113 16.i.68(1) +(3) 
1X4 16.1.68(C) -(3) -(16)* 
115 16.1.68(C) -(1) -(H)* 
116 16.1.68(1) ~(3) 
117 16.1.68(1) -(4) 
120 16.1.68(1) +(1) -(1) (l)Hts (l)BF,Lu, 
Pa,Br, Ki,Li,Sp 
SG s GB 
122 16.1.68(1) + (l) +(11)* -(26)* 
125 16.1.68(1) -(1) -(H)* 
126 16.1.68(1) -(1) -(H)* 
130 16.1.68(C) -(2) -(12)* -(25) (25)BF, 
Lu,Ki,Ht, 
Li,Pa,Sp*Br 
SG 
131 16.1.68(1) -(2) +(12)* 
133 26.1.68(C) -(1) -(15)* 
134 26.1.68(C) -(2) 
135 26.1.68(C) -(2) 
13? 
Inoculation 
No. Date 
Postalno culation 
Blood Samples Urine Feces Organ Samples 
Negative Positive 1st 2nd 3rd 4th 
136 26.1,68(1) +(1) 
138 26.i.68(C) -(2) 
139 26.1.68(C) -(1) 
140 26.1.68(C) -(2) 
141 26.1.68(C) -(1) 
142 26.1.68(C) -(1) 
143 26,i.68(1) +(2) 
144 26.1.68(C) -(1) 
145 26.1.68(1) +(1) 
146 26.1.68(1) -(1) -(16)* -(29)* -(l) 
147 26.i.68(1) -(2) 
148 26.1.68(1) +(2) 
150 26.1.68(C) -(1) -(15)* 
151 26.1.68(C) -(2) 
152 2,6.i.68(1) -(2) 
153 26.1.68(C) -(2) 
154 2.6.1.68(1) -(2) 
156 26.1.68(1) -(2) 
158 26.1.68(1) -(2) -(16)* 
159 26.1.68(1) +(2) 
160 26.1.68(1) -(2) 
161 26.i.68(1) -(2) 
162 26.i.68(1) -(2) 
163 26,i.68(1) +(l) 
164 26.i.68(1) -(1) 
165 26.1.68(1) -(2) 
166 26.1.68(1) +(2) (2)Br, 
SG 
167 26.1.68(1) -(2) -(2) 
138 
Inoculation Post-inoculation 
No, Date Blood Samples Urine Feces Organ Samples 
1st 2nd 4th Negative Positive 
168 26.1.68(1) -(1) 
-(1) tr 
169 26.1.68(1) -(2) 
171 26.1.68(1) +(2) 
172 26.1.68(1) -(2) 
174 10.ii.68(X)-(l) 
175 10.11.68(I)-(1) +(14)* 
176 9.111.68(1)+(l) (14)BF (14)Kl,Ht 
Br,SG,Lu 
177 9.1ii.68(C)-(l) 
178 9. ill .68(1)+(l) (14)BF, 
KisHt, 
(14)Lu 
Br. SG 
179 9.11i.68(I)+(l) (1)SG (1)BF, 
LUjKij 
Ht,Li9 
Br 
180 9.111.68(1)4(1) (1)K1. (1)BF, 
Li,Br5 Lu.Ht 
181 9.111.68(1) SG (15)Ki> (15)BF, 
Br, SG Lus Ht 
b. Myotis keenii 
415 16.i.68(1) -(3) (H)BF, 
LUjKi, 
Ht,Li3 
Br, SG 
416 16.1.68(1) 
-w -(26)* 
O-
 
1
—1
 
-3-
 
16.i.68(C) 
-(4) -(26)* 
420 16.1.68(1) -(4) 
421 16.1.68(1) 
-w -(26)* 
423 16.i.68(1) -(2) +(12)* 
424 16.1.68(1) + (2) +(12)* -(2) 
425 16.1.68(1) + (2) -(12)* -(2) (12)Lu, (12) BF, 
-(12) Ht.Li. 
Pa j Br, 
SG ,GB 
KljSp 
Inoculation Post-inoculation 
Mo. Date '.Blood Samples Urine Feces Organ Samples 
1st 2nd 3rd 4th Negative Positive 
c 
428 26.1.68(C) -(2) 
429 26.i.68(C) -(2) 
430 26.1.68(1) -(2) 
431 26.1.68(1) -(1) 
432 26.1,68(1) +(2) 
433 26.i.68(1) +(1) 
434 26.1.68(C) -(1) 
435 26.1.68(C) -(1) 
436 26,1.68(1) +(2) 
4-37 26.i.68(1) -(2) 
438 26.1.68(1) -(2) 
439 26.i.68(1) -(2) 
440 26.1.68(1) -(2) 
441 26.1.68(1) -(1) 
442 10.11.68(C)-(1) 
443 10.11.68(I)-(1) 
444 10.11,68(1)-(1) 
445 10.11.68(1)-(1) 
Bptesicus fusous 
517 10.il,68(l)-(l) 
518 10,11,68(C)-(1) 
-(16)* -(16) 
+(16)* 
-(14)* 
-(14) +(28) +(42) 
-(28) -(49) -(69) 
(2) 
(14)BF, 
Lus Ki, 
Ht jLi, 
Br, SG 
(42)Br, (42)BF, 
SG Lu,Kij 
Ht 
d* Piplstrellus subflayus 
563 16.i.68(1) -(3) -(3) (3)Lu, 
Ki, Ht, 
Li,Pa, 
Sp,Br, 
SG, GB 
564 10.ii.68(C)-(1) 
Appendix D* Experiment Ills Nonhibernating bats inoculated 
■with EEE virus (10-3 dilution) on 18 June 1968* 
Numbers in the first column refer to bats listed 
in Appendix A* Results of EEE antibody tests on 
preinoculation blood samples are presented in the 
second column* Numbers in the third column 
indicate the number of days after inoculation 
that each bat was sampled. 
The following abbreviations are used in this 
table in addition to those listed in Appendix C: 
MG (mammary glands), OV (ovaries), Te (testes), 
Fe (fetus), and Su (suckling bat)* 
Preinoc. Post-inoc. 
4
 
o
 
J2?
 
Blood Day Positive Organs Negative Organs 
Myotj LS lllC ifugus (1 actating or gravid females) 
299 - 2 MG ,BF SG, Ht, Lu, Ki , Pa:, Br, Fe 
300 — 2 SG, Mg, H t, Lu, KiBF, Br , Fe 
301 - 3 MG.Ht, Ki,Ov,Br SG,BF 
306 - 2 MG,Lu,Pa,BF SG,Ht,Ki,Br 
309 — 2 MG,Lu,,Kij BF,Br SG,Ht,Li 
311 — ■ 2 MG SG, Lu,Ht, Ki , Ov, BF.,Br 
318 - 2 MG,SG,Lu,Ht,Ki, 
Pa,BF,Br 
322 - 2 Lu,Ki,Li,BF SG»MG,Ht, Br 
323 - 3 SG,MG,Ht,Lu s Ki, 
BF, Br 
325 - 2 MG,Lu,KisBF,Br SG ,Ht 
326 — 3 SG,Ht,Lu,OvsBF,Br 
327 — 2 MG,Lu,Pa,BF SG,Ht,Ki,Br 
328 - 2 MG,Ht,Lu,Pa,BF SG,Ki,Br 
329 - 2 MG, Lu., Ki , Li , BF SG,HtsBr 
330 + 3 SG,MG,Ht,Lu,Ki,Li,BF,Br 
331 •— 2 MG SG,Ht,Lu,Ov,Ki,BF,Br 
332 — 2 MG SG, Ht ,.Lu, Ki , Pa, NF,Br 
Positive Organs Negative Organs 
Preinoc* Post-inoe. 
No. Blood Day 
335 - 
336 - 
337 - 
b. Fptesicu 
3 
2 
2 
fusers (male) 
BF 
SG,MG,Ht,Lu,Ki, 
BFjBr 
SG,MG,Ht,Lu,Ki,Li,Br 
SG,MG,Ht,Lu,Ki,Su, 
BF,Br 
Su 
519 2 BF SG,Lu,Ht,Ki,Te,Pa,Br 
142 
Appendix E* Experiment IV: Attempts to demonstrate oral 
infection in Myotis luoifugus inoculated 
subcutaneously with EEE virus and Myotis keenii 
fed the same virus. 
Numbers in the first column refer to bats listed 
in Appendix Ac Results of EEE antibody tests on 
preinoculation blood samples are given in the 
second column. Blood and saliva samples were 
taken 48 hours after attempted infection. 
Preinoc. Inoculation 
No. Blood Date Route Blood Saliva 
a* Myotis lucifugus 
323 — 18.vi.68 subcutaneous -f — (bite) 
337 — 18,vi0 68 subcutaneous Hr - (bite) 
349 — 18.1,69 subcutaneous + (throat swab) 
350 — l8.i.69 subcutaneous — — (throat swab) 
351 — 18.1.69 subcutaneous + — (throat swab) 
352 — 18.i.69 subcutaneous + — (throat swab) 
353 ~ 18.1.69 subcutaneous + - (throat swab) 
354 — 18.i0 69 control — - (throat swab) 
356 — 18.1.69 subcutaneous + - (throat swab) 
357 — 18.i.69 s ub c u t an e 0 u s + — (throat swab) 
3.58 — 18,1.69 subcutaneous *f -- (throat swab) 
359 — 18.1.69 subcutaneous + (throat swab) 
361 — 18.1.69 s ub 0 u t an e 0 u s — - (throat swab) 
362 — 18.1.69 control — - (throat swab) 
363 — 18.1.69 subcutaneous "iL - (throat swab) 
364 - I8.I.69 subcutaneous (throat * swab) 
Myotis keen: A 
489 18,1.69 oral (throat swab) 
490 18,1.69 oral — — (throat swab) 
491 — 18,1.69 control — — (throat swab) 
494 — I8.I.69 oral — — (throat swab) 
495 18.1.69 oral — — (throat swab) 
500 — 18.1.69 oral — — (throat swab) 
502 18,1.69 oral - - (throat swab) 
503 — 18.1.69 oral — - (throat swab) 
504 — 18.1.69 oral — - (throat swab) 
506 18.1.69 oral — — (throat •swab) 
507 — I8.I.69 oral — - (throat swab) 
509 ■f I8.I.69 oral — - (throat swab) 
511 - I8.I.69 oral — — (throat swab) 

